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S um m ary
Due to the recent introduction of the 200 m in sprint kayak racing, there is very 
little literature addressing the physiological factors associated with performance 
and training in this event. Therefore this study investigated the physiological 
demands of 200 m racing and the efficacy of specific physical training. 
Measurement of the physiological responses of 10 well trained male kayakers to a 
200 m kayaking trial revealed a mean (± S.D) peak VO2 of 3.33 ± 0.46 L min'  ^ and 
peak post-exercise blood lactate concentrations of 6.7 ± 1.7 mmol L"\ The results 
demonstrated that the 200 m event imposes substantial demands upon the rate at 
which the kayaker can utilise both aerobic and anaerobic energy pathways. So 
that the physiological characteristics of kayakers could be established using 
laboratory procedures, the reliability and validity of a kayak ergometry system was 
examined. Repeated trials of supramaximal exercise revealed that this apparatus 
was highly reproducible for the assessment of peak power (CV = 2.2 ± 2.1%) and 
total work (CV = 1.4 ± 1.2%). A comparison of the physiological responses to 
kayak ergometry with those of open water kayaking indicated that the ergometry 
system accurately imposed the physiological demands of open water kayaking. 
Subsequently, the physiological and anthropometric attributes of 39 male kayakers 
were determined through a battery of laboratory tests; the relationships of these 
with 200 m performance identified specific performance influencing factors. Most 
closely associated with 200 m performance were total work done in a modified 
Wingate test (r = -0.80, p < 0.001) and the peak power achieved in this test 
(r = -0.76, p < 0.001). Regression analysis showed that the most accurate 
prediction of 200 m performance was provided by a combination of aerobic and 
anaerobic factors, with the power output at the lactate threshold and the total work 
performed in the modified Wingate test accounting for 70% of the variance in 
performance (SEE = 1.70 sec). In addition, total work in the Wingate test and 
forced vital capacity could accurately discriminate between kayakers of disparate 
standards in 77% of cases. Finally, the efficacy of a specific training programme, 
based on the findings of the previous experiments, was examined. Although no 
significant differences were found between the intervention and control training 
groups, it was concluded that scientific data relating to the physiological demands 
of 200 m kayaking could be interpreted for the prescription of specific physical 
training.
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C hapter  1
Introduction
1.1 Backg ro und
Canoes and kayaks have been used by various cultures throughout history as 
modes of transportation for exploration, commerce and war (Shephard, 1987; 
Kearney and McKenzie, in press). Toro (1986) described archaeological 
evidence of the use of canoes in Asia Minor some 6,000 years ago. Toro (1986) 
also discussed the use of open canoes propelled by single-bladed paddles in 
North America and the islands of the Pacific. In contrast, the Eskimos of North 
America and Greenland favoured the kayak, a completely covered craft propelled 
by a double-bladed paddle (Toro, 1986). These two types of crafts have evolved 
into the modern Olympic boats: kayaks propelled by a double-bladed paddle, and 
canoes propelled by a single-bladed paddle.
Early accounts recall canoe races contested between the Indians and the early 
colonists of North America (Howell and Howell, 1969). However, the origins of 
modern competitive canoeing and kayaking are attributable to John MacGregor, a 
Scottish lawyer, who did much to popularise recreational and competitive 
canoeing and kayaking. In the late nineteenth century MacGregor toured the 
waterways of northern and central Europe, publishing his travels. MacGregor 
founded the first canoe club in 1866, which in 1873 became the Royal Canoe 
Club. The latter part of the nineteenth and the early twentieth century saw the 
sport of canoe and kayak racing grow and as a consequence national 
associations were born, including the British Canoe Association in 1887, later to 
be renamed the British Canoe Union.
In 1923, co-operation between a number of national associations resulted in the 
founding of an international canoe and kayak federation (I.R.K.) which provided 
regulations regarding boat design and competition. The I.R.K. was later renamed 
the International Canoe Federation (I.C.F.), which now governs all forms of 
competitive canoeing and kayaking. Other disciplines of the sport that come 
under the jurisdiction of the I.C.F. include marathon racing, slalom, white-water 
racing, canoe freestyle and canoe sailing.
In the 1924 Paris Olympics, flatwater canoe and kayak racing was a 
demonstration sport, gaining full Olympic recognition at the 1936 Berlin Games. 
Male competitors from twenty nations competed over distances of 1,000 m and
10,000 m in single and double canoes and kayaks. The Olympics of 1948 saw 
the introduction of the 500 m event for female competitors, and since then, 
regulations regarding boat design have evolved and new events have been 
introduced. Today the Olympic programme consists of the 1,000 m event for men 
in single, double and four-seat kayaks and in single and double canoes; the 
500 m event for men in single and double kayaks and canoes; and for women in 
single, double and four-seat kayaks. Since 1970, World Championships for 
senior competitors have been held every year other than Olympic year, with some 
57 nations participating in 1999. The European Championships, reintroduced in 
1997, are held every two years.
In 1994, the I.C.F. made a major change to the international programme by 
replacing the 10,000 m long distance event with a short distance event of 200 m. 
This distance is contested by men and women in single kayaks (K1), double 
kayaks (K2) and four seat kayaks (K4), and by men in single canoes (C l), double 
canoes (C2) and four man canoes (C4). These events are included in the racing 
programme of all major international competitions, including European and World 
Championships. At present however, the 200 m events are not included in the 
Olympic programme, though with their increased appeal for spectators, it is 
possible that this may change.
With this new distance comes a fundamental change in the physical demands of 
canoe and kayak racing. In the past, the shortest duration event was the men's 
K4 500 m which takes approximately 1 min and 20 sec for top international crews, 
and 1 min 40 sec for elite individual male competitors in the K1 class. Today the 
shortest duration event is the men’s K4 200 m, taking approximately 30 sec for 
elite crews, and 37 sec for the men’s K1 class. It is anticipated that this will 
impose quite different physiological demands for the sport of kayak racing and 
have profound implications upon training for success in this event.
1.2 Statem ent  of the  Problem
There has been a considerable body of literature investigating the physiological 
demands of the 500 m and 1,000 m sprint kayaking events (Tesch et ai, 1976; 
Tesch, 1983; Tesch and Karlsson, 1984; Dal Monte et ai, 1993; Bourgois et ai, 
1998), and to some extent the 10,000 m and marathon events (Tesch et ai, 1976; 
Fry and Morton, 1991; Mars, 1995). In addition, the physical characteristics of 
competitors in these distances are well documented (Tesch etal., 1976; Carter et 
ai, 1982; Clarkson et ai, 1982; Tesch, 1983; Carter 1984a; Fry and Morton,
1991; Misigoj-Durakovic and Heimer, 1992; Sklad et ai, 1994). At present 
however, there are very few published data on the physiological demands of the 
200 m sprint kayaking event, and none are available on the physical 
characteristics of successful 200 m kayakers. Consequently, investigations 
concerning the nature of this event are required to provide a better understanding 
of the physical requirements and the specific training that is appropriate for this 
short duration event.
1.3 Purpose  of  the  Study
This study therefore aims to establish the physiological demands of the 200 m 
sprint kayaking event, and to identify the physical factors that influence 
performance. The findings of this study provide valuable information for the 
understanding of the 200 m event and the prescription of appropriate physical 
training. The identification of the physiological factors most closely associated 
with performance also suggest specific physiological testing programmes for 
200 m kayak athletes, and might be useful for the purposes of talent identification. 
It is anticipated that these findings will be of benefit to the sport scientists, 
coaches and athletes who strive for excellence in their sport.
1.4 R esearch  Q uestions
This investigation sought to answer the following research questions;
1. What are the physiological responses to 200 m sprint kayaking?
2. Does a kayak ergometer provide a reliable and valid means for the 
physiological assessment of competitive kayakers?
3. What are the anthropometric and physiological characteristics of kayakers of a 
range of abilities in Great Britain?
4. Are there relationships between anthropometric and physiological parameters, 
and 200 m kayaking performance, and can these parameters be used to predict 
200 m performance?
5. Can data regarding the physiological responses to 200 m sprint kayaking and 
the physical characteristics of kayakers be interpreted to prescribe an effective 
200 m physical training programme?
1.5 Delimitations
1. This thesis has provided investigations of the sport of sprint kayak racing.
2. All subjects were male volunteers of British nationality.
3. The physiological responses to the 200 m event were investigated during open 
water kayaking under simulated race conditions. Expired air, heart rate and 
blood lactate concentrations were measured.
4. The reliability of a kayak ergometer was assessed using repeated trials of 
supramaximal exercise of thirty second duration, during which performance and 
physiological measures were examined.
5. The validity of a kayak ergometer was determined by the comparison of 
performance and physiological responses during four minute bouts of kayak 
ergometry exercise and open water kayaking.
6. Anthropometric and physiological laboratory tests provided measures of a 
variety of physical attributes in kayakers. The relationship between these and 
actual race performance over 200 m in single kayaks was examined.
7. The use of anthropometric and physiological measures to predict 200 m 
performance, and to discriminate between kayakers of different abilities was 
investigated.
8. A specific physical training programme was prescribed which aimed to improve 
200 m performance in a group of kayakers. Comparison with a control group, 
performing their normal training, permitted an evaluation of the efficacy of this 
training.
C hapter  2
Review  of L iterature
2.1 Introduction
Advancements in the discipline of sport and exercise physiology have provided an 
insight into the acute and chronic responses of the body’s physiological systems 
to the physical stress of exercise. As a consequence, the determination of an 
athlete’s physical responses to, and capacity for specific exercise may be 
determined. Physiological assessment of an athlete has been proposed to 
provide a number of benefits, including the identification of an athlete’s relative 
physical strengths and weaknesses, the monitoring of training progression and 
therefore the efficacy of the athlete’s training programme, and the education of 
both the coach and athlete (MacDougall and Wenger, 1991). In addition, based 
upon the physiological assessment of elite performers, it may be possible to 
identify the essential physiological attributes required for success within a specific 
sport (Craig etal., 1993).
More recently the acute physiological responses to specific sporting events and 
activities have been investigated, providing information regarding the energetic 
demands of these events. Consequently, sport scientists, coaches and athletes 
have been provided with information which assists in the prescription of effective 
physical training programmes, and in the development of specific physiological 
monitoring protocols to assess longitudinal progression in performance. In the 
sport of kayaking, the physiological demands of various disciplines and events 
have been investigated. In particular, within the discipline of flatwater racing, 
research has been carried out in the marathon distance of 42,000 m, the
10,000 m, 1,000 m and 500 m distance events, demonstrating the specific 
physiological responses and the physical characteristics of elite competitors. This 
has provided a base of information with which the sport scientist and coach may 
develop training practices for these events; to date however, there has been very 
little research into the relatively new 200 m event.
2.2 T he Physio log y  o f  Kayaking
The International Canoe Federation recognises a number of competitive 
disciplines within the sport of canoeing and kayaking. These include the Olympic 
competitions of flatwater sprint racing and slalom; and the non-Olympic 
competitions of marathon racing, white water racing, canoe sailing and freestyle. 
The discipline of sprint racing incorporates the 1,000 m, 500 m, and 200 m 
events; and prior to 1994 included the 10,000 m event. Shephard (1987) and 
Kearney and McKenzie (in press) have provided extensive reviews of the 
published literature in a number of these canoeing and kayaking disciplines. Most 
of this existing research has been carried out within the Olympic disciplines of 
sprint racing and slalom, though there have been some investigations into the 
other areas of the sport. These studies have focused on the metabolic demands 
of the events and the anthropometric characteristics and physiological capacities 
of the competitors.
This review of literature will open with a brief review of the research that has been 
carried out in the disciplines of slalom, marathon and 10,000 m kayak racing to 
provide an overview of physiological factors associated with kayaking, and to offer 
a context for the specific literature regarding sprint racing. Thereafter, the review 
will focus on the literature concerning the physiological demands of the sprint 
racing events and the physical characteristics of competitors, this being 
particularly pertinent to the areas of investigation in this thesis.
2.2.1 S lalom
Slalom kayaking is contested on fast running water, with natural or man-made 
obstacles, on which competitors must manoeuvre the kayak through a series of 
‘gates’. Typical race duration is of between 1 min and 40 sec and 2 min, 
consisting of intermittent sprints and less intense periods of kayak control and
guidance over the course. The boats used are short and manoeuvrable, in 
contrast to the flatwater racing boats that are long and narrow to enhance speed. 
The discipline of slalom was first introduced to the Olympic Games in 1972, but 
was then excluded until being reintroduced at the Barcelona Games of 1992.
As one of the Olympic disciplines within the sport, slalom has attracted more 
research than the non-Olympic disciplines. The anthropometric characteristics of 
slalom paddlers have been described by Sidney and Shephard (1973) who 
demonstrated that successful paddlers exhibited an above average height and 
lean body mass, and a pronounced general muscular development. However, 
Vaccaro et al. (1984) showed that world class male paddlers were of only average 
height, body mass and body fatness with a predominantly mesomorphic 
somatotype. Comparisons of Polish national rowers, sprint kayakers and slalom 
kayakers have been made by Sklad etal. (1994), illustrating that slalom kayakers 
were of a smaller stature and body mass than both rowers and sprint kayakers, 
but did exhibit a relatively high general muscularity.
Further to the anthropometric assessments, Vaccaro et al. (1984) investigated the 
aerobic power of a group of elite male paddlers, measured during arm crank 
ergometry. A peak oxygen consumption of 4.13 L-min'  ^was observed, 
representing 86% of the maximal power achieved during treadmill running 
(4.7 L-min'Y From these results it was concluded that the athletes possessed a 
relatively high absolute aerobic power and demonstrated a considerable degree 
of specific adaptation, in being able to realise a high percentage of this capacity 
during upper body exercise. Some of the more dated literature in this area has 
investigated only the maximal aerobic power achieved during treadmill running, 
rather than during specific upper body exercise (Sidney and Shephard, 1973). In 
addition to a well developed aerobic power, Sidney and Shephard (1973) noted 
an above average pulmonary vital capacity and a well developed anaerobic 
capacity in senior male slalomists. However, the anaerobic capacity of these 
subjects was determined via the measurement of the post-exercise oxygen
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consumption following maximal treadmill exercise, thus again limiting the validity 
of these results for kayak specific exercise.
The muscular strength characteristics of slalom kayakers have also been reported 
by Sidney and Shephard (1973), who showed normal values for isometric trunk 
strength and grip strength but found well developed isometric strength in knee 
extension and elbow flexion. None of these measures however were significantly 
correlated with overall performance. In contrast, Vaccaro et al. (1984) found 
measurements of isometric knee and shoulder extension in slalom kayakers to be 
95.3% of norms for the tests. Although considerable use is made of the trunk and 
shoulder musculature during kayaking, these results relate only to isometric 
strength. The specificity of neuromuscular adaptations to static and dynamic 
exercise have been well documented (Baker etal., 1994; Morrissey etal., 1995), 
and it is therefore likely that the dynamic action of kayaking is more closely 
related to dynamic rather than static measures of strength. Indeed, Clarkson et 
al. (1982) have found that elite American slalomists demonstrate a high resistance 
to fatigue in the elbow flexor muscles during prolonged isokinetic exercise. This 
study also investigated fibre type composition in the paddlers, as did Baker and 
Hardy (1989) who examined the effects of a nine week high intensity kayak 
training programme on muscle characteristics in previous non-kayakers. Both of 
these studies showed that specific upper body training produces a selective 
hypertrophy of the fast twitch muscle fibres of the biceps brachii and latissimus 
dorsi. Further testament to the recruitment of fast twitch fibres during slalom 
kayaking is the work of Baker (1982), who demonstrated that slalom competition 
imposes a high anaerobic energy demand, eliciting post-exercise blood plasma 
lactate concentrations of between 14.5 and 17.2 mmol in national standard 
male kayakers.
In summary therefore, the literature that has investigated the discipline of slalom 
kayaking demonstrates that top-level paddlers are generally characterised by 
highly developed aerobic and anaerobic capacities. In addition, a high level of 
general muscularity with well developed muscular endurance and considerable
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hypertrophy of the fast twitch fibres within the specific upper body musculature are 
apparent. These physical attributes are consistent with the nature of this event 
which demands endurance for up to two minutes and consists of very intense 
sprints.
2.2.2 Marathon  Racing
Other than sprint racing, marathon racing is the only discipline contested on 
flatwater. Competitions are held in single and double kayaks for men and women, 
and in single and double canoes for men, over a distance of 42,000 m. With the 
exception of boat weight, where marathon boats may be lighter, the specification 
of these boats is identical to those used in sprint racing. Since many kayakers, at 
both national and international levels, compete at both marathon and sprint 
distances, a review of literature regarding marathon racing is considered relevant 
to this study.
Data from Australia have shown that marathon racers exhibit similar aerobic 
capacities to those of sprint racers, achieving V02peak values of between 3.25 and 
5.09 L-min'\ which represented 89% of the VOzmax achieved during treadmill 
running (Hahn etal., 1988). However, some investigations have found marathon 
kayakers to demonstrate higher values of peak oxygen uptake than their sprint 
racing counterparts (Lutoslawska etal., 1990), reflecting the greater aerobic and 
endurance demands of long distance events. Fry and Morton (1991) have noted 
a VOapeak of 5.54 L-min'  ^ in one marathon kayaker who had been a world 
championship medal winner several times; it is notable that this is the highest 
value that has been reported in the literature. In addition to a relatively high 
aerobic power, a relatively high level of fractional utilisation has also been 
identified by Lutoslawska etal. (1990) in marathon kayakers. The authors found 
that the kayakers were capable of utilising 74% of their VOzpeak during exercise at 
the 4 mmol L'^  fixed blood lactate concentration threshold, a value that was
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reported to be similar to that found in sprint kayakers. It was also shown that the 
peak blood lactate concentrations following maximal upper body exercise were 
lower in the marathon kayakers, suggesting a better adaptation to prolonged 
exercise (Lutoslawska etal., 1990). The relationship between measures of 
endurance capacity and marathon performance have been demonstrated by Fry 
and Morton (1991), who showed that the time to exhaustion on an incremental 
maximal kayak ergometry test and V0 2 peak expressed in absolute terms were 
highly related with performance (r = -0.84, p < 0.05 and r = -0.80, p < 0.05, 
respectively).
One major tactical difference in the racing characteristics of the sprint and 
marathon events is that during marathon racing, competitors are permitted to 
‘wash hang'. This is a technique which involves gaining advantage from riding the 
wave of a leading boat. This practice has been shown to increase economy 
during paddling at 3.7 m-sec'  ^with a decrease in oxygen consumption of 11%, a 
decrease in minute ventilation of 9.8%, and a 4.8% reduction in heart rate (Gray 
etal., 1995). More markedly, Rodriguez Alonso etal. (1998) have estimated 
savings in energy cost of between 18 and 32%, depending upon the position of 
the kayak on the wash. Therefore in marathon racing, the ability of the kayaker to 
successfully use this technique has major implications on energy expenditure and 
therefore performance.
There has been a considerable amount of research from Poland investigating the 
hormonal and biochemical changes observed in response to marathon racing. 
Lutoslawska et al. (1991) found that plasma cortisol was elevated and plasma 
testosterone was reduced after a marathon race. Consequently, the 
testosterone/cortisol ratio was reduced following the race, suggesting a catabolic 
state for the kayakers. However, within eighteen hours the plasma cortisol, 
testosterone and the testosterone/cortisol ratio had returned to basal levels. 
Significant increases in haemoglobin and decreases in blood plasma volume have 
also been shown in response to marathon kayak racing (Lutoslawska and 
Sendecki, 1990). In addition, significant elevations in plasma ammonia and
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glycerol concentrations were observed following a race, reflecting the physical 
stress and the high level of lipolysis involved in this endurance event 
(Lutoslawska and Sendecki, 1990).
It is clear therefore that marathon racing places considerable demands upon the 
aerobic power of the kayaker and imposes a high level of physical stress, causing 
considerable hormonal and biochemical disturbances. Whilst many kayakers 
compete over both marathon and sprint distances, there is evidence that a greater 
degree of aerobic adaptation is required for success in this event. However, 
marathon racing typically involves a series of high intensity efforts or 'burns' made 
to gain an advantage from another competitor’s wash or to prevent other 
opponents from gaining such an advantage; consequently the event places 
considerable demands upon the anaerobic capabilities of the marathon kayaker. 
This is supported by Fry and Morton (1991) who found significant relationships 
between marathon performance and isokinetic strength and anaerobic capacity. 
Indeed unpublished observations from our laboratory indicate that paddlers 
specialising in marathon racing demonstrate a high level of development in their 
anaerobic power and capacity. Therefore it appears that despite the enormous 
difference in the duration of marathon and sprint events, the differences in the 
physiological characteristics of kayakers successful in these events is perhaps 
more subtle.
2.2.3 10,000 m
Prior to the exclusion of the 10,000 m from the sprint racing programme in 1994, 
this was traditionally seen as the long distance event for ‘sprinters'. In this event, 
which lasted approximately 45 min for the solo male kayaker, many paddlers have 
been successful, in addition to excelling in the shorter sprint distances of 1,000 m 
and 500 m. As a result, many investigations into the physiology of sprint racing 
have examined the 10,000 m event and the characteristics of its competitors 
alongside the shorter events. Therefore a brief discussion of the 10,000 m is
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relevant to this review, providing further context for the findings of the present 
study.
The 10,000 m event is known to place considerable demands upon the aerobic 
capacities of the athletes, who have been shown to exhibit peak oxygen 
consumption rates of up to 4.7 Lmin’  ^during simulated races (Tesch etal., 1976). 
Heart rates reaching 189 beats min'\ which represented 97% of maximal heart 
rate, and post-exercise blood lactate concentrations of 10.2 mmol have also 
been recorded under these conditions (Tesch etal., 1976). In contrast however, 
the world champion over this distance in 1987 demonstrated a post-race blood 
lactate concentration of only 3.3 mmol L'^  (Kearney and McKenzie, in press). Like 
marathon racing, kayakers contesting the 10,000 m event are permitted to use the 
wash hanging technique, therefore this finding could be a result of the tactical 
nature of that particular race and/or this individual's unique physiological status.
The metabolic responses to the 10,000 m have also been investigated via muscle 
biopsies taken from kayak paddlers after simulated race conditions (Tesch and 
Karlsson, 1984). This revealed that there was a non-significant increase in 
muscle glucose and a significant decrease in muscle glycogen concentrations, 
following the exercise trial. In addition, hormonal responses to the 10,000 m have 
been investigated using a forty minute kayak ergometry test to simulate the event 
(Wisniewska et al., 1985). Growth hormone and cortisol were found to increase 
following exercise; further, these were found to increase more substantially than 
following a 1,000 m simulated race, thus demonstrating the high physiological 
stress imposed by the 10,000 m event.
The relationships of a number of anthropometric and physiological variables with
10,000 m performance have been investigated (Fry and Morton, 1991). The 
strongest correlations were found for V0 2 peak, determined during kayak ergometry, 
expressed in absolute terms (r = -0.71, p < 0.05) and for total work done in a one 
minute ergometry test (r = -0.70, p < 0.05). The authors also developed a 
regression model to predict 10,000 m performance, which included V0 2 peak, total
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work in the one minute test, ventilatory threshold, forearm girth and isokinetic 
peak torque during a simulated kayak stroke at 120 degrees sec‘\  This model 
accounted for 90% of the variance in 10,000 m performance and could predict 
race time with an error of 91.44 sec. These results provide further evidence that, 
as is observed for marathon racing, both the aerobic and anaerobic capabilities of 
the kayaker are important for successful 10,000 m racing.
The above literature demonstrates that 10,000 m specialists tend to exhibit a high 
aerobic power and the ability to perform high intensity work for prolonged periods. 
The ability to produce and sustain high levels of muscular power also appears to 
distinguish between successful and less accomplished kayakers in this event. 
These physiological demands of this event and the characteristics of 
accomplished athletes are similar to those observed in marathon racing. How 
these differ from those of the present sprint racing distances will now be 
examined.
2.2.4 T he P hysio log ical  D emands  o f  S print  Kayak  Racing
Within the Olympic discipline of sprint kayaking, races are contested over 
distances of 500 m and 1,000 m, and since 1994, the 200 m event has been 
included in the international programme, though it is not at present an Olympic 
event. There has been considerable research into the metabolic and 
physiological demands of the Olympic events of 500 m and 1,000 m, and the 
physical characteristics of successful competitors. To date however, there has 
been very little research into these aspects with regard to the 200 m event. The 
identification of the physiological demands of these events and the physical 
characteristics of successful performers at each distance can provide an accurate 
understanding of the nature of the event, and therefore the specific physical 
training that is necessary. A review of the literature describing the specific 
demands of the 1,000 m and 500 m events has been made to provide a context in
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which the results of this study may be considered, and to allow an examination of 
how the 200 m event differs in terms of the physiological demands.
Oxygen Consumption and Heart Rate Responses
During a bout of exercise, the rate of oxygen consumption reflects the aerobic 
contribution to the total energy yield; unfortunately however, there is little 
literature investigating the response of oxygen consumption during open water 
kayaking. This is perhaps a reflection of the technical difficulties associated with 
the collection and measurement of expired air in the open water environment. 
However, the contribution of aerobic energy to open water kayaking over 
distances of 500 m and 1,000 m in elite senior and junior Swedish kayakers has 
been investigated by Tesch et al. (1976). These values were compared with the 
V0 2 max derived from treadmill running and the V0 2 peak attained during maximal 
arm crank ergometry; these data are summarised in Table 1. For the senior 
paddlers performing the 1,000 m trial, the peak rate of oxygen consumption of 
4.7 L min'^  represented 87% of the V02max determined during treadmill running 
and exceeded the rate achieved during maximal arm ergometry. In the 500 m 
trial, an oxygen consumption rate of 4.2 L min'^  was achieved, corresponding to 
77% of the maximal rate achieved during treadmill running, and 91% of that 
achieved during maximal arm ergometry. Although the junior paddlers 
demonstrated slightly lower levels of oxygen consumption in all modes of 
exercise, 3.9 L min'^  was achieved during the 500 m, which corresponded to 83% 
of the maximal treadmill value, and 94% of that attained during arm ergometry.
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T ab le  1 Oxygen consumption (mean ± S.D. where available) attained during maximal 
treadmill, arm ergometry exercise, 1,000 m and 500 m open water kayaking; from Tesch et 
al (1976).
Treadmill Arm Ergometry 1,000 m 500 m
Seniors (n = 4) 5.4 ± 0.3 L-min'^ 4.6 ± 0.3 L-min'^ 4.7 L-min‘^ 4.2 L-min*^
Juniors (n = 2) 4.7 L-min'* 4.2 L-min'^ N/A 3.9 L-min'^
It was also noted that when exercise duration in the kayak was extended to five to 
six minutes, the peak rate of oxygen consumption did not increase (Tesch e ta l,  
1976); indeed, oxygen consumption during the 1,000 m was found to be greater 
than that measured during a 10,000 m trial. Therefore it appears that the 1,000 m 
event taxes the individual’s capacity for aerobic energy production close to the 
limit for upper body exercise; the 500 m event however imposes slightly less 
demand for aerobic energy. It is therefore likely that, given the shorter duration of 
the 200 m event, lower rates of oxygen consumption will be realised than those 
observed in both the 1,000 m and 500 m distances.
This impression is supported by the work of Byrnes and Kearney (1997) that 
demonstrated that lower rates of oxygen consumption are observed as the event 
distance decreases. Peak oxygen consumption rates (mean ± S.D.) of 4.24 
± 0.27 L min \  3.78 ± 0.26 Lmin  ^ and 2.56 ± 0.32 L min'^  were measured in senior 
male kayakers during ergometry tests simulating the 1,000 m, 500 m and 200 m 
events respectively. In addition, the determination of the accumulated oxygen 
deficit during these trials allowed for the calculation of the aerobic and anaerobic 
contributions. The results demonstrated that the percentage of the total energy 
contributed by the aerobic system (mean ± S.D.) was 82 ± 5.0%, 62 ± 3.5% and 
37 ± 4.4% for the 1,000 m, 500 m and 200 m events, respectively. These data 
suggest a greater aerobic contribution to the sprint kayak events than has been 
proposed by some previous literature; for example Hatch (1981) cited an 
approximate 70% and 50% aerobic contribution to the 1,000 m and 500 m events.
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The study of Byrnes and Kearney (1997) has provided the only published data to 
be found regarding the physiological demands of the 200 m event.
The response of heart rate during exercise is accepted to reflect the circulatory 
load and provide an indirect measure of the rate of energy metabolism (Vokac et 
al., 1975). The heart rate responses of World Champion kayakers during 500 m 
and 1,000 m races have been reported by Shephard (1987). The 500 m race 
which lasted approximately two minutes produced a final heart rate of 179 
beats-min"^ for the 1,000 m race which was completed in approximately four 
minutes, heart rates were between 185 and 195 beats min \  Similarly, Bourgois 
etal. (1998) found heart rates to reach 97% and 94% of maximal values in the
1.000 m and 500 m distances, respectively. These responses mirror those 
demonstrated by that of the rate of oxygen consumption and demonstrate that the
1.000 m event imposes a greater metabolic demand upon the aerobic power of 
the kayaker. Again, it is anticipated that heart rate during the 200 m event will be 
lower than those observed in response to the longer distances in sprint racing.
M uscle  M etabolite and  S ubstrate  R espo nses
Whilst oxygen consumption and heart rate provide measures of aerobic energy 
provision during exercise, changes in the intramuscular concentrations of energy 
substrates, and blood and muscle metabolites can provide an estimate of 
anaerobic energy production during exercise. Tesch etal. (1976) investigated the 
peak blood lactate concentrations in elite Swedish kayakers, following simulated 
500 m and 1,000 m races. The 500 m event elicited the highest peak value of
13.2 mmol-L‘\  and the 1,000 m event a concentration of 12.9 mmol L '\ 
Comparable blood lactate concentrations of 12.7 and 11.7 mmol have been 
reported following kayak ergometer tests simulating the 500 m and 1,000 m 
events respectively (Dal Monte et al., 1993). However, higher blood lactate 
concentrations have been observed in highly trained Italian paddlers following 
open water competition; 16.0 ± 0.7 mmol-L'  ^was recorded following the 500 m and
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13.5 ± 0.5 mmol'L'  ^ following the 1,000 m event (Dal Monte et al., 1993).
Similarly, Tesch (1983) has demonstrated slightly higher peak blood lactate 
concentrations ranging between 11.0 and 17.5 mmol-L  ^ following open water
1,000 m races. Data collected from American kayakers following World 
Championship races showed blood lactate concentrations of between 11 mmol L'^  
and 18.6 mmol L’  ^ (Kearney and McKenzie, in press). These data show the high 
anaerobic energy contribution to both the 1,000 m and 500 m events, with the 
500 m producing greater concentrations of blood lactate, thus reflecting a greater 
rate of anaerobic energy release. This is consistent with the findings of Byrnes 
and Kearney (1997) who demonstrated that 38% of energy for the 500 m and 18% 
of total energy for the 1,000 m was contributed by the anaerobic systems. 
Therefore the measurement of blood lactate concentrations in response to 200 m 
racing will provide further information regarding the energetic demands of this 
event.
Further to the analysis of blood lactate concentrations, changes in the 
concentrations of muscle substrates allow an insight into the anaerobic demands 
of exercise. Muscle biopsies taken from the medial deltoids of national standard 
kayakers following two minutes of maximal simulated kayaking, performed in a 
swimming pool, have been examined (Tesch and Karlsson, 1984). The exercise 
trials were designed to simulate the 500 m event, and resulted in significant 
decreases in the intramuscular concentrations of creatine phosphate from
18.2 ± 4.0 mmol kg"^  w.w. to 4.9 ± 2.3 mmol kg’  ^w.w. and in glycogen from 94 ± 33 
mmol kg"^  w.w. to 74 ± 25 mmol kg'^  w.w. This demonstrated that the 500 m event 
requires a very high rate of glycogen depletion (10 mmol-kg'  ^w.w.-min'^) and 
concurs with the results of the earlier work of Tesch et al. (1976). This previous 
study, which used the same protocol, demonstrated a similar reduction from 
91 mmol kg'^  w.w. to 65 mmol kg'^  w.w. in the concentration of glycogen in the 
medial deltoid muscle. The study of Tesch and Karlsson (1984) also observed 
significant increases in the concentrations of glucose and glucose-6-phosphate in 
response to two minutes of simulated kayaking. These findings highlighted the 
rapid rate of glycogen depletion and anaerobic glycolysis during simulated 500 m
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racing. These changes in the concentrations of muscle substrates in response to 
two minutes of exercise were compared to those for simulated kayaking of forty 
five minutes (Tesch and Karlsson, 1984). This demonstrated a substantial 
difference in the energy yield between short term, high intensity exercise and 
prolonged intense exercise designed to simulate the 500 m and 10,000 m events. 
These findings suggest that the shorter event of 200 m will require very high rates 
of glycogen breakdown and anaerobic energy production; however, due to the 
relatively short duration, it is probable that less significant changes in the 
concentration of muscle substrates would be observed.
Further investigations have been made using a four minute ergometry test to 
determine the physiological mechanisms of fatigue during 1,000 m kayaking 
(Wojcieszak et al., 1988). In successive studies, subjects were interrupted after 1, 
2, 3 and 4 min of exercise, performed at the same work rate each time. A decline 
in power output was observed throughout the test which was found to coincide 
with a progressive increase in the concentration of blood lactate and ammonia. In 
addition, these changes were accompanied by an increase in the rate of oxygen 
consumption and in the total oxygen deficit. It was noted that throughout the test, 
VO2 per unit of work increased and the amount of lactate per unit of power 
decreased. The authors concluded that acidosis of the specific musculature, 
resulting in a reduction in its ability to perform work, was a major cause of fatigue 
during 1,000 m kayaking. Whilst this study did not examine causes of fatigue in 
the shorter events, the greater contribution of energy from anaerobic sources in 
these events suggests that fatigue in the 500 m and 200 m is closely associated 
with the rate and degree of metabolic acidosis.
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S ummary
The available literature indicates that the 500 m and 1,000 m events elicit high 
levels of oxygen consumption and heart rate, significant elevations in blood 
lactate concentrations and a substantial depletion of muscle substrates. This 
shows that both events impose considerable demands upon both the aerobic and 
anaerobic capacities to produce energy, thus prompting Bourgois etal. (1998) to 
state that exceptional physiological demands are placed upon the upper limb and 
trunk musculature during flatwater kayaking. In addition, Tesch et al. (1976) and 
Fry and Morton (1991) concluded that because the 500 m is not a very short 
event, and the 1,000 m not particularly long, the differences in the physiological 
demands of these distances were more subtle than those seen in different 
duration events of other sports. Support for this observation has been provided 
by a number of extremely successful athletes. For instance, in 1973 a Hungarian 
kayaker won all three distances (500 m, 1,000 m and 10,000 m) at the World 
Championships. More recently, both the 500 m and 1,000 m events have been 
won at a World Championships, by a Briton in 1986 and a Hungarian in 1997. 
The reviewed literature has highlighted the physiological demands of the 1,000 m 
and 500 m events and the disparities between them. Based upon this, and the 
limited literature available, there is a need to investigate the physiological 
responses and energetic demands of the 200 m event.
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2.3 T he Physical C haracteristics  o f  S print  Racing  Kayakers
The assessment of the physical characteristics of successful competitors can 
provide further information regarding the prerequisites for sporting success. The 
anthropometric and physiological attributes of flatwater kayakers have been 
extensively researched. Since investigations into the physiological demands of 
these events have revealed considerable contributions from both the aerobic and 
anaerobic energy systems, it is to be expected that a high development of 
endurance and anaerobic parameters are important for sprint kayaking 
performance. In addition, anthropometric factors have been found to relate to 
sports performance, therefore this area is also reviewed. Unfortunately, due to 
the recent introduction of the 200 m, there is no published research describing the 
anthropometric and physiological characteristics of 200 m paddlers. Therefore 
the following review of literature regarding 1,000 m and 500 m specialists 
provides a context in which the physical characteristics of 200 m kayakers that are 
to be measured in the present study may be considered and compared.
2.3.1 A nthropometric Characteristics
Assessments of athletes from a range of sports competing at the Montreal 
Olympic Games have provided an overview of the anthropometric characteristics 
of kayakers (Carter et al., 1982). Measurements of stature, sitting height, body 
mass, arm girths, mesosternale chest girth and sum of six skinfolds were made for 
male and female kayakers. It was reported that the male paddlers were 
intermediate on most measured variables, being similar to swimmers, hockey 
players, fencers and cyclists, in the spectra of these measurements. However, an 
inspection of the data showed that the paddlers exhibited a greater body mass, 
height, chest and upper limb girths than athletes from boxing, cycling, fencing, 
gymnastics, judo, swimming and track and field. The female paddlers also 
demonstrated similar traits to the males in that they exhibited greater body mass.
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height, chest and upper limb girths than athletes from gymnastics, swimming and 
track and field. Despite these data having been identified almost twenty years 
ago, they do show that Olympic kayak paddlers exhibit relatively large body 
dimensions when compared to athletes from a number of other Olympic sports.
Stature  and  Bo d y  Mass
The measurement of body dimensions can provide an appraisal of the structural 
status of an athlete (Ross and Marfell-Jones, 1991) and therefore may be used to 
describe the 'typical' athlete that succeeds within a certain sport. Further 
evidence to show that sprint kayakers are of considerable stature and body mass 
has been provided by Misigoj-Durakovic and Heimer (1992). Comparisons of 
flatwater kayakers and canoeists with the age-matched Yugoslavian male 
population, demonstrated that both body mass and stature were greater in the 
paddlers. However, contrary to the findings of Carter et al. (1982), kayakers have 
been reported to be shorter and lighter than athletes from some other sports. 
Sklad etal. (1994) made comparisons between male flatwater kayakers, slalom 
kayakers and rowers showing that the flatwater kayakers were significantly lower 
in stature and body mass than the rowers, but greater than the slalom kayakers. 
Similar comparisons have been made between elite kayakers and weight and 
power lifters, body builders and non-athletes (Tesch and Lindeberg, 1984). The 
stature of the kayakers was significantly greater than that of the other groups, and 
body mass was significantly greater than the non-athletes. A summary of the 
literature reporting the stature and body mass of kayakers is provided in Table 2.
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T a b le  2 Stature and body mass (mean ± S.D.) of male kayakers.
Standard Stature (cm) Body Mass (1%)
Tesch and Lindeberg (1984) International 186.2 ±4.2 82.4 ±3.9
Carter et a l (1982) Olympic 185.4 ±5.1 79.1 ±5.9
Sklad et a l (1994) National 182.6 ±4.7 81.7 ±7.5
Misigoj-Durakovic et al (1992) National 178.6 ± 4.9 75.1 ±6.4
Fry and Morton (1991) Australian state 179.9 ±5.0 81.1 ± 10.3
Fry and Morton (1991) Australian non-state 175.2 ± 5.2 70.7 ± 7.9
Disparate anthropometric measurements in kayakers of different standards have 
been shown by Fry and Morton (1991), and are provided in Table 2. Selected 
Australian state kayakers were found to exhibit significantly greater stature and 
body mass than non-selected paddlers. Further, Shephard (1987) referred to a 
foreign publication which showed that the body mass of the gold medal winners at 
the Montreal Olympics was between 3 kg and 10 kg greater than the mean body 
mass of all kayak contestants. In addition to the greater dimensions that have 
been shown by more successful paddlers, data from Carter (1984b) demonstrate 
that these characteristics have become more pronounced in successful kayakers 
over time. A comparison of the anthropometric measures of Olympic athletes at 
the 1964, 1968, 1972 and 1976 Olympic Games showed trends for increasing 
stature and body mass over time in male and female paddlers. Male competitors 
were 2.4 cm taller and 1.5 kg heavier in 1976 as compared to 1964, whilst female 
kayakers were 3.7 cm taller and 2 kg heavier. Therefore, the importance of 
superior stature and body mass in sprint kayaking has become increasingly 
evident.
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G irth  M easurem ents
The assessment of girth and circumference measurements can serve as a non­
in vasive estimate of muscle size; whilst this takes no account of bone size or 
levels of body fat, correlations with total skeletal muscle mass (Martin et al.,
1990), and with isometric strength (Kroll etal., 1990) have been reported. In 
addition, there has been a number of studies revealing large upper limb girths in 
kayakers, thus demonstrating a well developed upper body musculature. Table 3 
provides a summary of these data.
Table 3 Girth measurements (mean ± S.D.) of male kayakers.
Standard
Upper Arm
Girth (cm) 
Forearm Chest
Tesch and Lindeberg (1984) International 34.4+1.0 29.9 ± 0.8 108.2 ±1.4
Misigoj-Durakovic et ah (1992) National 31.0 + 1.7 27.3 ± 2.2 N/A
Sklad et al. (1994) National 32.5 ± 1.9 28.9 ± 1.4 95.7 ±5.8
Fry and Morton (1991) Australian state 33.7 + 2.5 29.9 ± 1.5 102.6 ± 6.4
Fry and Morton (1991) Australian non-state 31.0 ±2.8 27.9 ±1.9 95.6 ± 8.8
Differences in girth measurements have also been observed in kayakers of 
differing standards (Fry and Morton, 1991), showing that selected Australian state 
paddlers exhibited significantly greater arm and forearm girths than non-selected 
kayakers; these are shown in Table 3. Similarly, Misigoj-Durakovic and Heimer 
(1992) showed that the arm and forearm girths of kayakers and canoeists were 
greater than the average for age-matched male Yugoslavians. Similar 
observations were reported by Sklad et al. (1994) showing that the upper body 
girths of kayakers were greater than those of active university students and were 
similar to those of rowers. However, Sklad et al. (1994) found that the lower limb
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girths were significantly lower in the kayakers relative to the rowers. This 
difference provides evidence of the specific upper body adaptation displayed by 
paddlers and the relatively minor importance of lower limb strength for kayaking. 
When measurements of chest, arm and forearm girths of kayakers were compared 
with weight/power lifters and non-athletes, Tesch and Lindeberg (1984) found that 
the kayakers exhibited significantly lower measures than the weight/power lifters, 
but displayed significantly greater girths than the non-athletes. The consensus of 
evidence therefore indicates that well trained kayakers tend to exhibit relatively 
large upper body dimensions, thus illustrating a well developed musculature. 
Contemporary data on the girth measurements of 200 m paddlers are required in 
order to determine the extent to which upper body muscular development is 
necessary for success in this event.
Bo d y  Fa t and  Som atotype
It has been reported that physical training results in a decreased level of adiposity 
(Schaberg-Lorei et al., 1990) and that body fat levels are related to performance 
in some sports (Bale et al., 1985). A number of investigations have reported the 
body fat levels of sprint racing kayakers. The lowest percentage body fat that has 
been reported (mean ± S.D.) is 5.4 ±1.1 % in elite Swedish kayakers (Tesch and 
Lindeberg, 1984), which was lower than that of both untrained individuals and 
weight/power lifters. A similar value of 6 ± 2% was reported by Tesch (1983) for 
national standard Swedish kayakers. Whilst the study of Tesch (1983) also found 
these levels to be lower than those demonstrated by untrained individuals, they 
were greater than the body fat percentage of a group of body builders. Further 
evidence of low adiposity in kayakers has been demonstrated by Misigoj- 
Durakovic and Heimer (1992) and Sklad etal. (1994), showing relatively low 
skinfold thicknesses in flatwater kayakers and canoeists when compared to 
population norms and active university students. Whilst Sklad etal. (1994) have 
reported body fat levels of flatwater and slalom kayakers to be similar to those of 
rowers, Obuchowicz-Fidelus et al. (1986) found levels of body fat (21.9 ± 4.4 %)
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to be slightly higher in national standard female kayakers than in similar level 
female judokas.
Kayakers of disparate abilities have also been shown to exhibit small differences 
in levels of adiposity. Fry and Morton (1991) found that the sum of eight skinfolds 
was slightly, but not significantly lower in a group of Australian state kayakers 
(66.9 ± 23.9 mm) than in non-selected paddlers (69.4 ± 21.9 mm). It was also 
noted that these values were lower than those previously reported for slalom 
kayakers (Sidney and Shephard, 1973). The body fat content of athletes is known 
to demonstrate a positive relationship with the distance/duration of the athletic 
event, therefore comparison of body fat levels in 200 m kayakers with those of
1.000 m and 500 m paddlers is warranted.
The measurement of an individual's somatotype takes account of limb girths and 
body fat as well as overall body dimensions to provide an index of body build 
characteristics. Investigations of the somatotypes of a range of athletes including 
canoeists and kayakers, competing at Olympic Games between 1948 and 1976 
have been provided (Carter, 1984b). Male canoe and kayak paddlers at the 
Montreal 1976 Olympics exhibited a somatotype (mean ± S.D.) of 1.5 ± 0.5, 5.2 
± 0.8, 3.1 ± 0.9, for endomorphy, mesomorphy and ectomorphy respectively. 
Female kayakers at the Mexico and Montreal Games exhibited values of 2.8 ± 0.3,
4.1 ± 0.8, 2.9 ± 0.6, for endomorphy, mesomorphy and ectomorphy respectively. 
These data show that sprint kayakers, both male and female, are characterised by 
a high rating of mesomorphy, thus illustrating a high degree of muscularity. In 
comparison with other sports, male paddlers displayed lower ratings of 
endomorphy and higher rates of mesomorphy than most other athletes. A notable 
exception was for gymnasts, who exhibited less endomorphy and greater 
mesomorphy than the kayakers.
It is anticipated that the 200 m event will impose a greater demand on the strength 
and power capabilities of the muscular system than do the Olympic sprint 
distances of 1,000 m and 500 m. It is probable therefore that successful 200 m
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paddlers will exhibit even greater muscularity than Olympic distance kayakers. In 
addition, due to the short duration of the 200 m, it is possible that kayakers will 
not display particularly low levels of adiposity. Consequently, ratings of 
somatotype may vary between kayakers specialising in the different distances.
S ummary
Much of the literature concludes that successful sprint kayakers are characterised 
by an above average stature and body mass, with low levels of body fat. In 
addition, a well developed muscularity, particularly of the upper body, is 
demonstrated by large girth measurements and a predominantly mesomorphic 
somatotype. Kearney and McKenzie (in press) have however highlighted a lack 
of contemporary data addressing the anthropometric characteristics of flatwater 
kayakers. Therefore, one outcome of this study will be to provide further 
descriptive information in this area.
Whilst most studies, with the notable exception of Fry and Morton (1991), have 
simply provided the anthropometric characteristics of elite kayakers, few have 
examined the significance of these attributes for performance. However, Aitken 
and Jenkins (1998) investigated the influence of anthropometric characteristics on 
the response to physical training in junior untrained kayakers. A comparison of 
elite male and female Australian kayakers with age matched, active university 
students, demonstrated that significantly greater measures of body mass, upper 
arm length, biceps girth and forearm length were among a number of 
anthropometric characteristics exhibited by the kayakers. Aitken and Jenkins 
(1998) then selected groups of school children according to whether or not they 
displayed these characteristics, and exposed them to a twelve week, kayak 
training programme. The results showed that there was no difference in the 
improvement in 500 m time trial performance between the group with and the 
group without the identified anthropometric characteristics. These findings would 
suggest that anthropometric attributes do not influence the response of the
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individual to physical training, and are therefore not accountable for success in 
kayaking. Whilst it is possible that the training programme was of insufficient 
duration to allow anthropometric characteristics to manifest any differences, it is 
more likely that sprint kayaking performance is not wholly dependent upon 
anthropometric attributes, rather they provide but one aspect of the complete 
physical profile of the successful kayaker.
2.3.2 Endurance  Factors
The contribution of aerobic metabolism to the energy requirements of sprint racing 
has been estimated to be between 70% and 82% for the 1,000 m and between 
50% and 62% for the 500 m (Hatch, 1981; Byrnes and Kearney, 1997). Due to 
this substantial contribution, the endurance characteristics of flatwater kayakers 
have been previously investigated and presented. These are reviewed here so as 
to provide comparative data for the findings of the present study with regard to the 
200 m event.
A ero bic  Po w er
The maximal rate of oxygen consumption (VOzmax) is known to be a major factor in 
endurance performance (Ng etal., 1988; Morgan etal., 1989; Bunc etal., 1996). 
Whilst the sprint kayaking events are not necessarily true endurance events, 
measurements of VOzmax in kayakers have often been made. It has been 
consistently demonstrated that upper body exercise elicits lower rates of oxygen 
consumption than those observed during lower body and whole body exercise, 
due to the limitation of peripheral factors (Vokac et al., 1975; Franklin, 1985; Miles 
etal., 1989; Bourgois etal., 1998). For this reason, an individual rarely achieves 
their V0 2 max during upper body exercise, and therefore the aerobic power for 
upper body work is referred to as V0 2 peak-
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Peak rates of oxygen consumption (mean ± S.D.) of 4.8 ± 0.6 L-min‘  ^ have been 
measured in Australian state kayakers during maximal kayak ergometry (Fry and 
Morton, 1991). Similar values of 4.6 ± 0.6 L-min'  ^ have been reported for 
Yugoslavian male kayakers performing specific kayak exercise (Misigoj-Durakovic 
and Heimer, 1992). However, Fry and Morton (1991) found significantly lower 
rates of peak oxygen consumption in a sample of non-selected state kayakers 
(3.9 ± 0.8 L-min' )^. When the oxygen consumption rates of the selected and non- 
selected paddlers measured by Fry and Morton (1991) were expressed relative to 
body mass, no significant differences were observed (59.2 ±7.1 vs 54.8 ± 8.4 
ml kg'^ -min'^  for selected and non-selected athletes respectively). These results 
suggest that for successful kayak racing, absolute aerobic power is of greater 
importance than the individual's aerobic power relative to their body mass. This is 
consistent with observations in other sports where body mass is supported 
(Shephard, 1987) and concurs with the findings of Sidney and Shephard (1973) 
for slalom kayakers.
An important factor in kayaking success is the ability to use a high proportion of 
the maximal rate of oxygen uptake during upper body exercise (Shephard, 1987). 
A number of investigations have measured peak rates of oxygen consumption in 
kayakers performing different modes of exercise. Table 4 provides a summary of 
these results and those of similar studies examining the ability of untrained 
individuals to utilise their maximal aerobic power during upper body exercise.
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Table 4 Aerobic power (mean ± S.D.) of kayakers and untrained subjects (L-min'^  unless 
otherwise stated).
Subjects Treadmill Cycle
ergometry
Arm
ergometry
Kayaking - Open 
Water/E rgometry
Tesch et at. 
(1976)
Elite senior 
kayakers
5.4 ± 0.3 N/A 4.6 4.7
Tesch et at. 
(1976)
Elite junior 
kayakers
4.7 + 0.4 N/A 4.2 N/A
Tesch (1983) Elite kayakers 5.4 ± 0.3 N/A 4.3 ± 0.3 4.7 ± 0.2
Bunc & Heller 
(1994)
International 
female kayakers
N/A 50.3 ±4.3* N/A 44.6 ±3.6*
Pyke et at. 
(1973)
Trained
kayakers
N/A 4.1 N/A 2.7
Telford
(1982a)
P.E. students 4.9 ± 0.3 4.6 ± 0.3 N/A 3.1 ±0.3
* denotes aerobic power expressed in ml-kg'^ min'^
The data of Tesch et al. (1976) showed that senior kayakers were capable of 
achieving 85% of their treadmill V02max when performing upper body exercise, 
and junior kayakers some 88% (see Table 4). A further study by Tesch (1983)
found that kayakers achieved a similar 87% of the treadmill V02max during 6 min of 
maximal open water kayaking. Bunc and Heller (1994) demonstrated that female
international kayakers achieved 89% of the V02max achieved during cycle 
ergometry when exercising on a kayak ergometer. These results indicate that well 
trained kayakers have a high aerobic power, but more notably, are capable of 
utilising a very high percentage of this power during upper body exercise. This 
ability is also documented by Seals and Mullin (1982), who measured oxygen 
consumption in well trained upper body athletes and non-upper body trained 
individuals over four different types of exercise. The results showed that during 
arm exercise, the well trained upper body athletes achieved 80-95% of their
V0 2 max determined during cycling.
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However, evidence of even greater adaptation has been observed by Gollnick et 
al. (1972) who demonstrated that male paddlers were able to achieve 97% of their 
V02max for maximal leg work when performing maximal upper body work. Further, 
Sharp (1985) reported that elite kayakers had been found to achieve a greater 
peak rate of oxygen consumption during kayak ergometry than during treadmill 
running. In addition, Kearney and McKenzie (in press) have noted that peak rates 
of oxygen consumption are often higher when measured in the boat rather than 
during ergometry. The authors quoted a value of 70 ml kg'^ -min'^  for an elite 
American kayaker, recorded using a portable gas analyser installed in the kayak. 
This discrepancy is perhaps a consequence of the limitations in the specificity of 
the ergometers employed.
In contrast however, are the findings of Pyke et al. (1973) who measured oxygen 
consumption in kayakers, performing cycle and kayak ergometry. The results 
showed that the peak VO2 achieved during kayak ergometry was only 65% of that 
achieved during cycle ergometry. This is a value that is more often observed in 
non-upper body trained individuals. However, the subjects in this study were 
relatively young (15-25 years), of low body mass (mean = 71.4 kg) and were of a 
range of abilities from novice to international; therefore these results are perhaps 
not representative of well trained senior kayakers.
In untrained subjects, the ability to achieve high rates of oxygen consumption 
during upper body exercise is markedly lower. Telford (1982a) demonstrated that 
in a group of non-specifically trained physical education students, kayak 
ergometry produced the lowest peak oxygen consumption of a variety of exercise 
modes. The peak rate achieved on the kayak ergometer corresponded to 62% of 
that achieved on an arm-leg cycle ergometer. The authors compared this to 
unpublished data from their laboratory, which had demonstrated a level of 90% of 
the arm-leg cycling V02max achieved during kayak ergometry in elite kayakers. A 
review by Franklin (1985) on upper body ergometry suggests that typically 
between 64 and 80% of the V02max achieved during leg work can be realised in 
upper body exercise in non-specifically trained subjects. Similarly, Seals and
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Mullin (1982) found that when individuals without upper body training performed 
arm exercise, they could achieve 60-70% of their V02max determined during cycle 
ergometry.
Despite the considerable disparities in oxygen consumption measured in kayakers 
performing different modes of exercise, there is evidence to suggest that there are 
only slight differences in the heart rate response to maximal upper and lower body 
work for upper body trained subjects (Pyke et a/., 1973; Dal Monte and Leonardi, 
1976; Tesch, 1983; Bunc and Heller, 1991; Bunc and Heller, 1994). This 
observation suggests further evidence that it is the ability of the smaller muscle 
mass of the upper body to consume oxygen that limits aerobic power and 
therefore the exercise capacity during upper body work.
Flatwater kayakers therefore demonstrate an ability to achieve a high percentage
of the centrally determined V02max during upper body exercise. Comparison with 
untrained subjects demonstrate that this ability is a result of long term physical 
training, producing a remarkable adaptation in the oxidative capacity of the upper 
body musculature. The importance of the development of a high aerobic power 
for the kayaker specialising in the 200 m event is at present unclear and therefore 
justifies investigation.
F ractional  Utilisation
The ability to sustain a high fractional utilisation, or percentage of the individual's 
maximum oxygen consumption, for a prolonged period is another major 
determinant of endurance performance (Helgerud, 1994). There are a number of 
methodologies that may be employed to measure such fractional utilisation, 
including the ventilatory threshold, the lactate threshold, and the onset of blood 
lactate accumulation (OBLA). In addition, the exercise intensity associated with 
the critical power parameter, derived from the relationship between work rate and 
time, provides a further measure of the ability to sustain submaximal exercise.
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The ventilatory threshold has been proposed to represent the maximum work rate 
which can be performed at a steady state (Wasserman et al., 1973; Davis et al., 
1979; Wasserman, 1984), and therefore provides a measure of metabolic 
adaptation to endurance exercise. Bunc and Heller (1994) investigated the 
performance of female international kayakers exercising at the ventilatory 
threshold during cycle and kayak ergometry. The results showed that the 
kayakers exhibited specific metabolic adaptations to upper body exercise. Not 
only did the kayakers achieve a high percentage of their cycling determined 
V0 2 max during kayak ergometry, but the ventilatory threshold occurred at a higher 
percentage of their aerobic power during kayak ergometry (84.8 ± 4.7 %) than 
cycle ergometry (74.2 ± 5.6 %). These results mirrored those of an earlier study 
employing the same protocol investigating the threshold characteristics of 
canoeists (Bunc and Heller, 1991). Therefore physical training has been shown 
to be effective in producing physiological adaptations within the specific 
musculature, thus allowing a greater fractional utilisation during prolonged 
exercise.
The lactate threshold and OBLA have been proposed as measures of the 
maximum lactate steady state, and therefore of the highest exercise intensity that 
can be maintained for a prolonged period (Kindermann etal., 1979; Heck etal., 
1985; Beneke and von Duvillard, 1996). The 4 mmol L'^  marker of OBLA has
been identified to correspond to an intensity of between 79 and 87% of V02peak in 
elite Italian paddlers (Dal Monte etal., 1993). These levels of fractional utilisation 
are similar to those seen in well trained athletes in a variety of other sports (Bunc 
etal., 1987). Literature has shown differences in the concentration of blood 
lactate that is observed during exercise at the maximum lactate steady state, with 
an inverse relationship between the mass of working muscle and the steady state 
lactate concentration (Beneke and von Duvillard, 1996). Specifically, it has been 
shown that during kayak ergometry well trained kayakers exhibit relatively high 
concentrations of lactate (4.9 ±1.6 mmol L"^ ) during maximum steady state 
endurance exercise (Romer et al., 1998). Clingeleffer et al. (1994) demonstrated 
that a similar standard subject group achieved a blood lactate concentration of
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6.9 ± 0.4 mmol-L^ during a twenty minute submaximal kayak ergometry test 
performed at the work rate corresponding to critical power, which has also been 
shown to represent the maximum lactate steady state (Jenkins and Quigley,
1991).
The ability of kayakers to sustain high intensity endurance exercise has also been 
investigated by Tesch and Lindeberg (1984). The blood lactate response to a 
four minute graded, arm cranking exercise test was measured in elite Swedish 
kayakers, weight and power lifters, body builders and non-athletes. The kayakers 
demonstrated a significantly lower increase in blood lactate concentration 
throughout the test than the other groups. In addition, the kayakers achieved a 
significantly higher work rate (240 ± 0 W, without reaching volitional exhaustion) 
than the weight and power lifters (180 ± 27 W), the body builders (188 ± 31 W) 
and the non-athletes (165 ± 16 W). This study supported the notion that specific 
endurance training promotes peripheral metabolic adaptations which manifest as 
lower blood lactate concentrations during submaximal exercise. The authors 
suggested that the capabilities of these elite kayakers were close to the limit for 
man's ability to perform progressive arm exercise.
Significant adaptations to upper body exercise have also been noted in subjects 
with no previous upper body training. Ridge et al. (1976) demonstrated that when 
previous non-kayakers were exposed to kayak training, significant decreases in 
VO2, minute ventilation, heart rate and blood lactate during submaximal kayak 
ergometry were observed. In addition, an increase in V02peak during maximal 
kayak ergometry was noted in these subjects. However, Thomson and Scrutton 
(1978) have suggested a limitation to the degree of specific adaptation, in that the 
muted cardiopulmonary responses associated with maximal upper body work are 
not eliminated even with years of specific kayak training.
It is evident that flatwater kayakers participating in the 1,000 m and 500 m events, 
exhibit high levels of fractional utilisation, and therefore possess well developed 
capacities for prolonged exercise. The extent to which such endurance is
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required for the 200 m event, and exhibited by successful 200 m paddlers will be 
examined in this study.
S ummary
Flatwater sprint kayakers competing over the 1,000 m and 500 m distances, have 
been shown to demonstrate a high aerobic power, though more relevant, is their 
ability to achieve a high percentage of this power during maximal kayaking. In 
addition, these paddlers exhibit well developed levels of fractional utilisation 
during specific exercise, suggesting a capacity to maintain very high submaximal 
work rates for prolonged periods. These upper body adaptations are quite unique 
when compared to individuals without upper body training. It is questionable 
whether kayakers who are successful over 200 m, for which the contribution of 
aerobic energy is markedly less, are characterised by such dramatic aerobic 
adaptations for upper body exercise.
2.3.3 A naerobic  Factors
For sports in which anaerobic energy contribution is important, the measurement 
of a number of anaerobic parameters is relevant so as to provide an insight into 
an individual's capacity for short duration, high intensity exercise. Some studies 
have demonstrated the contribution of anaerobic energy to the sprint kayaking 
events (Tesch etal., 1976; Wojcieszak etal.', 1988; Byrnes and Kearney, 1997); 
unfortunately however, there is relatively little literature describing the anaerobic 
capabilities of these paddlers. This is perhaps due to there having been a lack of 
specific and accurate kayak ergometers with which to measure these parameters. 
There has also tended to be a focus by researchers on the aerobic attributes of 
athletes in a sport in which the shortest event has until recently, lasted 1 min 
40 sec for the single male kayaker. The development of more ergometers
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however has facilitated the measurement of performance during supramaximal 
exercise.
A naerobic  Po w er  and  Capacity
The assessment of anaerobic power and capacity may be achieved using a 
number of methods. Physiological tests of anaerobic capacity attempt to either 
quantify this physiological parameter, or to provide a quantitative estimation, for 
example the work performed during a supramaximal exercise test (Green, 1995).
In the assessment of sprint kayakers, both of these methods have been employed 
(Perez-Landaluce etal., 1998). Terrados etal. (1991) evaluated the anaerobic 
capacity of international male kayakers at the start of the competitive season. 
Using the maximal accumulated oxygen deficit (MACD) procedure (Medbo etal., 
1988), mean ± S.D. values of 45.9 ± 3.3 ml O2 Eq kg'^  were determined for 
exhaustive kayak ergometry exercise. These compare to a MACD of 47.4 ± 8.7 
ml O2 Eq kg'^  measured in members of the female Spanish national team (Perez- 
Landaluce et al., 1998). Both of these values are lower than the MACD of 55.1 
± 5.7 ml O2 Eq kg'^  reported for male sprint runners, but are similar to that of 46.8 
± 11.0 ml O2 Eq-kg'  ^ measured in distance runners (Weyand etal., 1994). In 
addition, Terrados et al. (1991) stated that these were lower values than those 
seen in many other sprint trained athletes, due to the smaller muscle mass being 
used and the time of year at which these kayakers were monitored.
The Wingate Anaerobic Test, modified for upper body exercise, has also been 
employed for the evaluation of anaerobic performance in kayakers. Obuchowicz- 
Fidelus etal. (1986) compared national standard female kayakers and judokas, 
finding the total work performed for the two groups to be 9.38 ± 0.96 kJ and 
7.59 ± 1.08 kJ, for kayakers and judokas respectively. The expression of total 
work in both absolute terms and relative to body mass, showed that the kayakers 
achieved a significantly greater work output than the judokas. In addition, the 
peak power produced by the kayakers was greater than for the judokas (394.9
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± 37.7 W  vs 330.9 ± 50.0 W), and the time taken to achieve peak power was 
slightly lower in the kayakers (3.09 ± 0.61 sec vs 3.20 ± 0.72 sec). Thus it is 
evident that kayakers exhibit a superior anaerobic power and capacity during 
supramaximal exercise.
Power outputs achieved during supramaximal tests involving the upper body are 
generally lower than those achieved when using the lower body musculature. 
Telford (1982b) examined the power outputs produced by a group of non- 
specifically trained physical education students, during ten second trials, using a 
range of ergometers. During kayak ergometry, the peak power was 352 ± 50 W, 
compared to 985 ± 162 W  on an arm-leg cycle ergometer, 969 ± 162 W  on a cycle 
ergometer and 701 ± 123 W  on a rowing ergometer. Similarly, in a one minute 
anaerobic work capacity test, a total of 12.4 ± 1.7 kJ of work was achieved during 
kayak ergometry, compared to 36.7 ± 2.6 kJ during arm-leg ergometry, 35.8 
± 3.4 kJ during cycle ergometry and 27.4 ± 3.8 kJ during rowing ergometry 
(Telford, 1982b). In contrast however. Fry and Morton (1991) have recorded a 
mean power output of 363 W  during a 1 min kayak ergometry performance test, 
corresponding to a total work output of 21.8 kJ, in Australian state kayakers.
These differences between kayakers and other subject groups illustrate the 
considerable degree of specific upper body adaptation for high intensity exercise 
displayed by flatwater kayakers.
M uscle  Stren g th  and  Po w er  C haracteristics
Sprint kayaking has been described as a ‘strength endurance' sport, in which 
forces of 240 to 250 Newtons on each stroke have been recorded (Bourgois et a/., 
1998). Consequently, the authors stressed the importance of the identification of 
strength endurance parameters in order to assemble a full profile of the relevant 
physiological characteristics of flatwater sprinters. Indeed, there have been some 
studies identifying and describing the strength and strength endurance attributes 
of flatwater kayakers.
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Fry and Morton (1991) measured isokinetic torque production in a range of 
Australian kayakers, during a simulated kayak stroke performed on a 
dynamometer. The simulated stroke involved trunk rotation, shoulder extension 
and elbow flexion in one combined motion, thereby recruiting a muscle mass 
greater than that used for isolated shoulder extension which has been measured 
by some researchers, but similar to that utilised in kayaking. Isokinetic 
contraction velocities of 30 deg sec'  ^ and 120 deg sec’  ^were selected to replicate 
the stroke velocity in kayaking during the start phase of the race and when the 
kayak is at speed. At both velocities there was a significant difference in the 
torque produced by selected and non-selected paddlers. In contrast however, 
Tesch (1983) found that there were no significant differences in the peak torque 
produced by kayakers, body builders and water-skiers, when performing isometric 
and isokinetic shoulder extension exercise. This is probably due to the limited 
specificity of the assessment of shoulder extension for flatwater kayakers.
Kayakers have however been shown to demonstrate excellent specific strength 
endurance. Clarkson et al. (1982) found that during muscle fatigue tests of fifty 
repetitions at a velocity of 180 deg sec \  kayakers showed a decline in peak 
torque of 64.6% during knee extension in contrast to 53.4% during elbow flexion. 
These data would indicate that specific training is responsible for an enhanced 
ability to produce high levels of muscular force for a prolonged period of time. In 
addition, whilst Tesch (1983) found no significant differences in the peak torque of 
kayakers, water skiers and body builders, differences in strength endurance were 
shown. Results of a fifty repetition, shoulder extension test demonstrated a (mean 
± S.D.) 24 + 4 % decline in muscle force for kayakers compared to 44 ± 4 % 
decline for water-skiers. Again these findings demonstrate the specific muscular 
endurance of kayakers for prolonged high intensity exercise, supporting the 
findings of Clarkson etal. (1982).
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S ummary
In general, sprint kayakers appear to exhibit high levels of isometric muscle 
strength. However, specific ergometry tests and isokinetic tests of muscular 
power demonstrate the high degree of adaptation of kayakers in the ability to 
sustain relatively high levels of muscular work for prolonged periods. Bourgois et 
al. (1998) have highlighted the importance of such capabilities in a sport in which 
strength endurance is a major determinant of performance. In addition, a highly 
developed capacity for anaerobic energy production has been identified in 
kayakers, measured using the MAOD procedure and ergometry work capacity 
tests. With the introduction of the 200 m event, it is possible that greater levels of 
absolute strength and power are required for success. In contrast however, the 
total capacity of the individual to produce energy via the anaerobic pathways, may 
have a lesser importance for performance in this short duration event.
2.3.4 Myogenic  C haracteristics  - M uscle  Recruitm ent  and  F ibre C om po sitio n
Flatwater kayaking relies predominantly upon the upper body musculature for the 
generation of power to create propulsive forces. Electromyographic (EMG) 
investigations have been carried out by Capousek and Bruggemann (1990), to 
determine the relative importance of a range of upper body muscles during 
kayaking. The deltoids were found to display the highest activation and were 
recruited for the longest proportion of the kayaking stroke; the trapezius, triceps 
and rectus abdominus muscles were also active for a major part of the stroke but 
at a lower level than the deltoids. The biceps, latissimus dorsi and pectoral is 
major muscles were active for only 20% of the time that the deltoids, trapezius, 
triceps and rectus abdominus muscles were active during the stroke. Whilst the 
study of Capousek and Bruggemann (1990) did not investigate the recruitment of 
the lower body musculature, Logan and Holt (1985) indicated that there is a 
considerable involvement of the hip extensors, knee extensors and ankle 
extensors during kayaking. Authorities on kayaking technique state that it is these
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muscles of the lower body that initiate the paddle stroke and provide the force for 
the rotation of the upper body (Kemecsey, 1999).
The muscle fibre composition of successful kayakers has been measured and 
compared with that of other athletes and untrained individuals. Gollnick et al. 
(1972) investigated the composition of untrained individuals and trained athletes 
from a number of sports. Their study showed that kayakers exhibited a higher 
percentage of slow twitch fibres in the deltoid muscles (58.4 ± 3.8%) than most 
other groups of athletes with the exception of swimmers and orienteers. Similar 
patterns have been revealed in comparisons of fibre composition between 
kayakers, wrestlers, middle and long distance runners, weight and power lifters, 
and physical education students (Tesch and Karlsson, 1985). In the study of 
Tesch and Karlsson (1985), the kayakers were found to have the greatest 
percentage of slow twitch fibres in the medial deltoid muscle (71 ± 11%) of all the 
groups, and the lowest percentage of slow twitch fibres in the vastus lateralis (41 
± 10%) which was similar to that of untrained subjects. The middle and long 
distance runners were found to demonstrate an opposite profile to that of the 
kayakers, exhibiting a high slow twitch fibre content of the vastus lateralis. Thus 
the differences between the specifically trained and untrained muscles of different 
athletes were highlighted (Tesch and Karlsson, 1985), and it was suggested that 
these differences were a result of long term training and not of heredity alone, 
which supports the findings of Gollnick et al. (1972) and Bergh et al. (1978). 
Unfortunately, neither the studies of Gollnick etal. (1972) nor of Tesch and 
Karlsson (1985) stated the race distance in which these kayakers specialised.
In contrast to the predominance of slow twitch muscle fibres reported in kayakers, 
Tesch et al. (1976) found that former elite Swedish kayakers who had been 
successful in the 500 m event demonstrated a high percentage of fast twitch fibres 
(52-59%) in the medial deltoid muscle. This contrasted to a lower percentage of 
fast twitch fibres and a predominance of slow twitch fibres in competitors who had 
won medals in the 1,000 m (26-59% fast twitch) and 10,000 m events (26-52% 
fast twitch). However, this relationship was confounded by one subject, who had
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twice been World Champion over 500 m, demonstrating 74% slow twitch fibres; 
this individual had however also been successful in the 1,000 m and 10,000 m 
events. The results of this investigation demonstrated the importance of the 
contractile and the metabolic profile of the muscle in elite level kayaking (Tesch et 
al., 1976).
Further evidence of specific adaptation is provided by Clarkson etal. (1982) who 
investigated the fibre composition of the vastus lateralis and biceps brachii 
muscles in male and female canoe and kayak paddlers. No difference was found 
in the fibre type percentage between the two muscles (56.7% and 56.1% fast 
twitch for vastus lateralis and biceps brachii, respectively), however, the diameter 
of the fast twitch (a) and (b) fibres was found to be greater in the biceps brachii 
than the vastus lateralis. In addition, the ratio between the fast and slow twitch 
fibre area was greater in the biceps brachii than the vastus lateralis. It was also 
found that the diameter of the fast twitch (a) and (b) fibres in the biceps brachii 
was correlated with elbow flexion force production under isometric and isokinetic 
conditions. A follow up investigation revealed that the fibre type composition in 
the latissimus dorsi of two athletes was similar to that of the biceps brachii and 
vastus lateralis. These results indicate that physical training results in a selective 
hypertrophy of specific fibres, and therefore a change in the muscle area 
occupied by that fibre type. This supports the work of Gollnick et al. (1972) which 
noted high levels of hypertrophy of both slow and fast twitch fibres in the deltoid 
muscles of kayakers. In one individual it was observed that 74.6% of the deltoid 
muscle area was occupied by slow twitch fibres; a proportion which was only 
exceeded in the deltoids of a swimmer and the vastus lateralis of a distance 
runner (Gollnick etal., 1972).
In summary, successful flatwater kayakers have generally been shown to exhibit 
high proportions of slow twitch fibres in the specific upper body musculature. 
However, some differences have been observed according to the distance over 
which the kayaker specialises. Comparative studies suggest that specific training 
results in a selective hypertrophy of fibres within the active musculature.
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complimentary to the transformation of muscle fibres. Therefore it would appear 
that disparities in the fibre composition and the fibre size within the specific 
musculature of various athletes, and of kayakers who specialise in different 
distances, are likely to be a consequence of prolonged specific training.
2.3.5 A  S um m ary  o f  the  Physical C haracteristics  of  S print  Kayakers
This review of literature has identified a number of anthropometric and 
physiological attributes that characterise the elite sprint paddler. An above 
average stature and body mass are accompanied by a well developed upper body 
musculature and relatively low levels of body fat. Whilst maximal rates of oxygen 
consumption for whole body exercise are generally not remarkable, kayakers are 
capable of expressing very high percentages of this aerobic power during 
maximal upper body exercise. In addition, specific adaptation allows the kayaker 
to maintain a high level of fractional utilisation during prolonged steady state 
exercise. The ability to perform considerable rates and total amounts of 
supramaximal work demonstrates highly developed anaerobic and muscular 
endurance characteristics. Further, the transformation and selective hypertrophy 
of muscle fibres within specific muscle groups according to the race distance 
specialisation of the kayaker is evident. It would appear therefore that sprint 
kayak racing requires a high degree of development in body structure, strength 
endurance, aerobic power and capacity and anaerobic power and capacity 
(Bourgois etal., 1998). Whilst the literature has identified these attributes for 
kayak racing over distances of 1,000 m and 500 m, to date, no investigations into 
the physical characteristics of 200 m sprinters have been documented.
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2.4 T he Use of  Er g o m etr y  System s  for  S pecific  Physiological  A ssess m en t
It is important that physiological assessment provides the physiologist, coach and 
athlete with meaningful information on which performance can be measured and 
recommendations for training can be made (Pelham and Holt, 1995). The most 
effective and valid method for the physiological assessment of an athlete is often 
achieved when the athlete is performing their chosen sport in its natural 
environment (Bunc and Heller, 1994; Macfarlane etal., 1997; Bourgois etal., 
1998). However, such field testing can sometimes encounter technical and 
environmental difficulties (Macfarlane etal., 1997), and can lack the necessary 
control and reproducibility to ensure valid results. In particular, the assessment of 
kayakers in the open water environment can manifest practical problems (Cox, 
1992; Menold etal., 1997), particularly in the collection and analysis of expired air 
and blood.
In contrast, the use of simulated conditions within a laboratory environment can 
provide greater control and hence a greater reproducibility for accurate 
physiological assessment. If specific physiological and metabolic adaptations to 
physical training are to be monitored, then specific performance tests using 
equipment that accurately simulates the sporting actions must be employed (Dal 
Monte etal., 1993; Bunc and Heller, 1994; Green, 1995; Macfarlane etal., 1997; 
Steinacker et al., 1997). Recently there have been advancements in the 
development of ergometers designed to simulate specific sports actions. Kayak 
racing is one sport in which considerable developments in this field have been 
made.
Traditionally, when assessments of upper body performance were made, arm 
crank ergometers were employed (Seals and Mullin, 1982; Franklin, 1985).
These are cycle ergometers modified to allow the individual to turn the cranks 
using the upper body musculature of the arms and shoulders. Much of the early 
literature investigating the physiological attributes of kayakers utilised such 
systems (Gollnick etal., 1972; Tesch etal., 1976; Tesch and Lindeberg, 1984;
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Obuchowicz-Fidelus etal., 1986). Whilst this provided an accurate and reliable 
method for physiological assessment, arm cranking requires the use of a smaller 
muscle mass and a different action to that of kayaking (Wojczuk and Wojcieszak, 
1984; Larsson etal., 1988), and therefore arm crank ergometers have limited 
specificity to kayaking (Bourgois et al., 1998). As a consequence some of the 
earlier literature employing such systems must be interpreted as relevant to arm 
cranking and not to kayaking perse.
Pyke et al. (1973) were among the first investigators to develop a specific kayak 
ergometer. This consisted of a modified cycle ergometer, with a paddle shaft 
attached to the pedal cranks using ropes and a pulley system. Subsequent 
developments in ergometry systems have used both air braked flywheels (Telford, 
1982a; Telford, 1982b; Larsson etal., 1988; Kruger ef a/., 1997) and mechanically 
braked systems (Dal Monte and Leonardi, 1976; Campagna etal., 1982; Cooper, 
1982; Witkowski etal., 1989; Pelham and Holt, 1995) to provide the resistance to 
exercise. These have both been shown to provide a valid representation of the 
technical action and physiological demands of kayaking. Digitisation of the paths 
of the wrist, elbow and shoulder in the lateral perspective, during kayaking and 
kayak ergometry, showed that the two actions were very similar (Campagna et al., 
1982). Similarly, Dal Monte and Leonardi (1976) used high speed filming to 
compare the movements made during kayaking and ergometry exercise in the 
lateral and sagittal planes. There were few differences observed between the two 
actions, demonstrating that the ergometer provided a realistic simulation of 
kayaking. These studies therefore illustrated that the ergometers provided a 
suitable means for the assessment and conditioning of flatwater kayakers.
Comparisons of open water kayaking and kayak ergometry have also been made 
with regard to the physiological responses elicited by the two conditions (Larsson 
et al., 1988). This demonstrated that an air braked ergometer elicited similar 
values for V0 2 peak, heart rate and ventilation as observed during open water 
kayaking. It was also reported that the kayakers’ subjective impression was that 
the ergometer provided an accurate simulation of kayaking. Bourgois et al. (1998)
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also demonstrated that kayak ergometry provided similar blood lactate-heart rate 
profiles to kayaking field tests. The forces produced using a mechanically braked 
ergometer have been compared with those measured during open water kayaking 
(Witkowski et al., 1989). The force traces produced under the two conditions 
were almost identical, demonstrating that the ergometer allowed the kayaker to 
exercise in a way that simulates the dynamics offeree application during 
kayaking.
However accurate an ergometry simulation, rarely can the exact demands of the 
sporting activity be replicated. Consequently some investigations have cautioned 
the use of kayak ergometers as an alternative to field testing, particularly for the 
monitoring of training progression and the prescription of training intensities using 
heart rates, van Someren and Dunbar (1996) found that a mechanically braked 
ergometer did not provide a reliable means for determining the relationship 
between power output and blood lactate concentrations in kayakers, and therefore 
could not be used for long term monitoring of training progression. In addition, 
Kruger ef al. (1997) observed that when work rates in kayaking and air braked 
kayak ergometry that manifested the same blood lactate concentrations were 
compared, the heart rate was 10-12 beats-min'  ^ lower during kayak ergometry. 
These results highlight the problems that may be encountered in using ergometry 
determined heart rates and work rates to control kayak training. In contrast 
however, unpublished data have suggested that the relationship between heart 
rate and blood lactate are similar during kayak ergometry and open water 
kayaking (Oliver, 1999).
Today one of the most popular ergometers for flatwater kayakers is the ‘K1 
ERGO’ (Australian Sports Commission). This is an air braked ergometer that 
accurately simulates the kayak stroke and can be interfaced with a personal 
computer for the analysis of performance data. The reliability and validity of this 
ergometer have been investigated by Barnes and Adams (1998), who assessed 
the test-retest reliability and the criterion validity of the system. They 
demonstrated high correlation coefficients and low boundaries of agreement for
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performance and physiological data in test and retest trials of two minutes 
duration, thus showing a high degree of reliability. The criterion validity of the two 
minute ergometry trial was assessed by comparing the physiological responses 
with those measured during a 500 m open water kayaking trial. The comparisons 
showed low correlations and high boundaries of agreement, suggesting that the 
two minute test performed on the ergometer did not provide a valid representation 
of the 500 m event. Unfortunately, the authors did not provide information on the 
time taken to complete the 500 m trial and therefore the standard of the subject 
group is unknown. They did however, state that the observed differences were 
thought to be a consequence of the open water performance being limited by the 
subjects having to concentrate primarily on paddling technique during the water 
trial. This would suggest that the subjects were not experienced sprint racing 
kayakers.
It is clear therefore, that if laboratory simulated exercise is to be employed for the 
assessment of an individual’s functional capacity, the specificity of the apparatus 
is crucial. Therefore, kayak ergometers employed for this purpose must provide a 
high degree of reproducibility and accurately simulate both the technical and 
physiological demands of the specific sport itself. If these criteria are met, then it 
is possible to use an ergometer to identify physiological differences between 
individuals and thus examine the factors that influence performance. In addition, 
the monitoring of training progression and the prescription of physical training 
may be possible.
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2.5 PREDICTION OF SPORTS PERFORMANCE
The design and prescription of a physical training programme must take account 
of the physiological characteristics of the specific event for which an athlete is 
preparing (Craig etal., 1993). This includes the relative contributions and kinetics 
of different energy production pathways pertinent to the event, and the attributes 
displayed by successful individuals. This information allows the coach and sport 
scientist to prescribe effective training, develop specific assessment protocols and 
maximise training and competition performance (Hawley, 1987; Craig etal.,
1993).
Recently there has been much published literature investigating the relationships 
of anthropometric and physiological variables with sports performance. For 
example, maximal aerobic power ( VOamax) has been found to be highly correlated 
with cross-country skiing (Ng etal., 1988), distance running performance (Morgan 
etal., 1989), rowing (Secher etal., 1982; Cosgrove etal., 1998), and triathlon 
performance (Bunc etal., 1996; Miura etal., 1997). In addition, measures of the 
ability to sustain a high percentage of maximal aerobic power for prolonged 
periods, have also shown strong relationships with performance in a number of 
endurance sports (LaFontaine etal., 1981; Morgan etal., 1989; Hagerman and 
Hagerman, 1990; Grant ef a/., 1997; Zhou etal., 1997).
The capacity of an individual to produce and sustain high levels of muscular force 
and power output have also been shown to correlate with sports performances.
For example, an upper body Wingate Anaerobic test has been shown to correlate 
with slalom canoeing and kayaking (Kearney etal., 1994) and with 50 m and 
400 m swimming (Hawley and Williams, 1991). Peak post-exercise blood lactate 
concentrations have demonstrated significant relationships with 400 m and 800 m 
running (Lacour ef al., 1990), a treadmill anaerobic capacity test with 400 m 
running (Rusko etal., 1993) and the maximal accumulated oxygen deficit with 
middle distance running (Weyand etal., 1994). In addition, the performance of
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female sprinters in the 100 m event has been found to be related to measures of 
muscular strength and power (Meckel etal., 1995).
Whilst the calculation of correlation coefficients provides an insight into the 
relative influence of physical variables on performance, it is recognised that 
success is multifaceted, and therefore multiple regression analyses using a 
number of variables may provide more comprehensive information (Bulbulian et 
al., 1986; Housh etal., 1988). The modelling of physical performance influencing 
factors has been carried out in a number of sports, including alpine skiing (White 
and Johnson, 1991), track cycling (Craig etal., 1993), road cycling (Krebs etal., 
1986; Coyle etal., 1991), rowing (Cosgrove etal., 1998; Russell etal., 1998), 
distance running (Pollock etal., 1980; Powers etal., 1983; Grant etal., 1997), 
marathon running (Hagan etal., 1981; Sjodin and Jacobs, 1981), sprint running 
(Meckel etal., 1995), speed skating (van Ingen Schenau etal., 1996), and 
triathlon (Zhou et al., 1997). The modelling of these factors allows for the 
prediction of sports performance based upon the most closely associated factors, 
and determines the level to which these attributes account for performance.
Much of the published research that has investigated the influence of physical 
factors has successfully predicted sports performance within relatively 
heterogeneous subject groups (van Ingen Schenau et al., 1996). However, 
performance prediction is of most value to coaches and sport scientists, when 
differences in the physical characteristics of a homogeneous group of athletes 
account for the variability in performance. If this is possible, then the factors that 
are highly related to performance may be identified, and coaches can with 
confidence, stress certain aspects of an individual's physical training so as to 
improve their relative weaknesses. In contrast however, Bulbulian et al. (1986) 
state that performance prediction determined in heterogeneous groups will 
provide clearer data regarding the attributes which differentiate successful from 
less successful performers. They describe that within such groups there is less 
chance of an overlap of scores or variables due to measurement error and 
therefore the true nature of the correlations will be protected. It is possible
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however, that the generalisability of such findings to more homogeneous groups 
of elite athletes may be limited.
When homogeneous groups have been investigated, accurate performance 
prediction and discrimination between individuals of disparate abilities is often not 
possible (Sleivert and Rowlands, 1996; Kukolj etal., 1999). van Ingen Schenau 
etal. (1992) have highlighted this, suggesting that differences in performance at 
an elite level are probably a result of a blend of technical, physiological and 
psychological factors. Consequently van Ingen Schenau etal. (1996) 
investigated the relationship of 237 technical, physiological, anthropometric and 
psychological factors with speed skating performance in homogeneous groups of 
male and female junior athletes. Very few significant relationships were found 
with performance, thus demonstrating the difficulties in identifying the 
performance influencing variables within more homogeneous subject groups.
It is possible that a major limitation in the practice of predicting specific 
performance is the lack of specificity of some physiological tests that are routinely 
used to monitor performance. For instance, van Ingen Schenau et al. (1992) 
demonstrated that supramaximal cycle ergometer tests that were used for the 
assessment of speed skaters, were not effective in monitoring seasonal 
performance progression in a homogeneous group of national standard junior 
skaters. It is important therefore, that physiological tests employed, offer a 
reliable and valid method for the assessment of an athlete’s physiological status, 
and are capable of detecting small changes and differences in specific 
performance. If this is achieved, then physiological monitoring and performance 
prediction can provide information regarding the factors that are most influential 
upon specific performance. This information may subsequently be utilised for the 
identification of an athlete’s relative weaknesses, and for the prescription of 
physical training.
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2.5.1 Perform ance  Prediction  in S print  Kayak  Racing
Although the physical characteristics of flatwater kayakers have been extensively 
reported, few investigations have directly examined the relationship of these 
parameters with specific performance. If the relationships between the physical 
characteristics of sprint paddlers and performance can be identified then the 
influence of these factors may be understood. When such findings are 
considered together with the energetic demands of the sport, then a physiological 
construct for success in sprint kayak racing may be developed.
Perhaps the most thorough investigation into this area within sprint kayaking is 
that of Fry and Morton (1991). This study involved the anthropometric and 
physiological assessment of thirty eight male kayakers competing at an Australian 
state championships. These parameters were then compared between the more 
successful paddlers who were selected for the state team and those who were not 
selected. This showed that of the anthropometric variables, the selected state 
members exhibited a greater stature (p < 0.05), sitting height (p < 0.01), body 
mass (p < 0.01), biceps girth (p < 0.05) and forearm girth (p < 0.05) than the non­
selected kayakers. The selected paddlers were also characterised by 
significantly greater levels of absolute maximal oxygen consumption (p < 0.01) 
and time to exhaustion during a graded maximal ergometry test (p < 0.05).
Interestingly, when V02max was normalised for body mass, there was no 
significant difference between the groups, providing further evidence of the 
greater influence of absolute rather than relative aerobic power for kayaking 
success. The selected paddlers also had a greater forced vital capacity 
(p < 0.05), greater isokinetic muscle strength (p < 0.01) and achieved a higher 
amount of work during a one minute all-out ergometry test (p < 0.01).
In addition. Fry and Morton (1991) calculated the correlation coefficients for the 
relationship of the anthropometric and physiological variables with performance 
over various race distances. Most of the variables measured were found to 
correlate with performance; Table 5 summarises the strongest relationships with
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performance in the 1,000 m and 500 m events and also in the long distance 
events of 42,000 m and 10,000 m. It is evident from these data that the 
relationship between aerobic power ( V0 2 max) and performance increases as race 
distance increases. This concurs with other literature, demonstrating the 
importance of aerobic power to success in endurance sports (Secher et al., 1982; 
Morgan, 1989). However, anaerobic capacity, measured as the total work done 
during a one minute ergometry test, was also more closely related to performance 
in the longer distance events. A similar trend was observed for the isokinetic 
torque produced during a simulated kayak stroke at velocities of 30 and 120 
deg sec \  Therefore it is clear that anthropometric, aerobic and anaerobic factors 
are related to kayaking success in all of these flatwater distances. Consequently 
Fry and Morton (1991) stated that both aerobic and anaerobic training are 
necessary for kayakers who specialise in any of these four distances.
Table 5 Correlation coefficients between selected physical attributes and performance 
time over sprint racing distances; from Fry and Morton (1991).
42,000 m 10,000 m 1,000 m 500 m
Chest girth (cm) r = -0,56 r = -0.66 r = -.068 r = -0.52
Biceps girth (cm) NS r = -0.42 r = -0.64 r = -0.49
30 dcg scc'^  (Nm) r = -0.66 r == -0.55 r = -0.68 r = -0.51
120 dcg sce'^  (Nm) r = -0.69 NS r = -0.68 r = -0.62
1 min work capacity (kJ) r = -0.78 r = -0.73 r = -0.63 r = -0.51
VOimax (L-min )^ r = -0.80 r = -0.71 r = -0.71 r = -0.59
30 deg-sec'^  (Nm) and 120 deg-sec'^  (Nm) represent the peak torque produced at these velocities, 
p < 0.05 for all relationships, unless otherwise stated; NS, not significant.
Fry and Morton (1991) used these data to generate multiple linear regression 
equations in order to determine the percentage of variance in performance that 
was accounted for by the anthropometric and physiological variables. The 
regression equations were generated so as to obtain the lowest possible standard
53
error of prediction (Fry and Morton, 1991). For the 500 m event a regression 
equation of;
Time (sec) = 155.56 + 0.35(max. minute ventilation) - 12.90(absolute VOapeak)
- 2.72(1 min total work) - 0.10(peak torque at 120 deg-sec'^)
- 15.59(FVC) + 2.25(body mass) - 0.25(sum of 8 skinfolds)
provided a of 0.83 and could predict performance time with a standard error of 
8.02 sec. This shows that 83% of the variance in 500 m performance was 
attributable to the measures of maximum ventilation, absolute aerobic power, 
anaerobic capacity, isokinetic strength, body mass and skinfold thicknesses. In 
addition, these variables were capable of predicting 500 m performance time to 
within approximately eight seconds.
For the 1,000 m event the following regression equation provided a R^  of 0.92 and 
predicted performance time with a standard error of 10.39 sec:
Time (sec) = 991.67 - 12.08(time to exhaustion) + 124.26(absolute V02peak)
- 5.63(relative V02max) - 0.20(peak torque at 30 deg sec'^)
- 3.90(chest girth) - 3.49(sitting height)
Time to exhaustion during a maximal ergometry test, absolute and relative 
measures of aerobic power, isokinetic strength, chest girth and sitting height 
accounted for 92% of the variance in 1,000 m performance. These measures 
could be used to predict 1,000 m performance time to within approximately ten 
seconds. In the 10,000 m event it was shown that the ventilatory threshold, 
absolute V0 2 peak, total work done in the 1 min ergometry test, peak isokinetic 
torque at 120 deg sec"\ and forearm girth together accounted for 90% of the 
variance in performance. Further, this regression model could predict 10,000 m 
performance time with a standard error of 91.44 sec.
The results of Fry and Morton (1991) showed that although the regression models 
generated relatively high standard errors of prediction, the anthropometric and
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physiological factors accounted for a large percentage of the variance in flatwater 
kayaking performance. Again these findings demonstrated the importance of the 
development of both aerobic and anaerobic capabilities for success in all flatwater 
distances from 500 m up to 42,000 m. Similar investigations have been made by 
Logan (1990), examining the ability of anthropometric factors and general 
physical fitness test results to predict kayaking performance. Regression 
equations were generated to predict 500 m and 1,000 m performance from a 
range of variables measured in a group of young (15 to 21 years) male 
‘developing’ kayakers. A stepwise regression procedure was used whereby 
variables were entered into and removed from the model according to the 
significance of their contribution to the prediction. The best prediction of 500 m 
performance was provided by a model using 150 m swim time and the number of 
‘chin ups’ that could be performed in two minutes. This model accounted for 89% 
of the variance in performance and could predict 500 m time with an error of only 
2.80 sec. The addition of specific kayaking tests to the model failed to increase 
the strength of this prediction. For the 1,000 m event, VOzpeak measured during 
maximal kayak ergometry, was found to be very highly related with performance 
(r = -0.97, p < 0.05). Similar relationships have been observed by Pelham and 
Holt (1995) and Garbutt and Robinson (1998) for this event. In addition, Logan
(1990) used V02peak together with 800 m run time, 300 m swim time, 150 m swim 
time, the number of ‘leg-overs’ (abdominal exercise) performed in 30 sec and 
biacromial width to predict 1,000 m performance. These variables could predict 
performance time to within 2.62 sec and accounted for 97% of the performance 
variance.
The study of Logan (1990) was simplistic, and in terms of some of the parameters 
measured, perhaps lacking in specificity. However, it did provide regression 
equations that accounted for a slightly greater percentage of the variance in 
performance, and lower prediction errors than those found by Fry and Morton
(1991) who used a more specific test battery. Further, Logan (1990) validated 
these regression equations using a separate group often kayakers. This 
demonstrated that the best 1,000 m regression could predict times that were
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significantly correlated with (r = 0.76, p < 0.01) and were not different to (t = 1.50, 
p > 0.10) the actual performance of this validation subject group.
Other studies investigating the relationships between physiological parameters 
and kayaking performance include the work of Cooper (1982). A significant 
relationship was found between V0 2 peak determined during kayak ergometry, and 
500 m and 1,000 m performance in British international kayakers. In addition, the 
excess post-exercise oxygen consumption measured over the ten minute period 
immediately following a maximal test was also correlated to performance. 
Together, these two variables accounted for 56% of the variance in 500 m 
performance and 74% of the variance in performance over 1,000 m. Cooper 
(1974) had previously demonstrated significant relationships between 
performance time and stature (r = -0.51, p < 0.05), body mass (r = -0.71, 
p < 0.05), dynamic strength tests (r = -0.42, p < 0.05) and static strength tests 
(r = -0.64, p < 0.05) in international kayakers.
Further relationships between peak oxygen consumption and performance of 
kayakers have been provided by Garbutt and Robinson (1998). A significant 
relationship was found between peak oxygen uptake determined during kayak 
ergometry and 1,000 m kayaking time trial performance (r = -0.95, p < 0.001) in a 
group of nine male kayakers. A prediction of 1,000 m performance time was also
provided from a quadratic equation using peak VO2, which accounted for 89% of 
the variance in performance time. However, a severe limitation of this study was 
the fact that mean performance time for the 1,000 m trial was 8 min and 25 sec 
(±15 sec). This compares to times ranging from 3 min and 30 sec to 3 min and 
50 sec for the elite male paddler in a single kayak. It is clear therefore, that the 
study of Garbutt and Robinson (1998) used a sample of non-competitive sprint 
race kayakers; this is further suggested by the relatively low values of peak 
oxygen uptake reported for the subjects (3.72 ± 0.52 L-min' )^. Consequently their 
study predicted performance for an event lasting nearly 8 min 30 sec, which is 
quite irrelevant to the 1,000 m event when performed by well trained kayakers.
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2.5.2 Summary
The practice of predicting sports performance may be beneficial in identifying the 
necessary physical attributes for success and the degree to which these influence 
performance. In turn, this may provide a basis on which sport scientists and 
coaches can base physical training programmes. Despite some of the limitations 
to the validity of performance prediction, considerable research has demonstrated 
the efficacy of performance influencing factors. Investigations into the sport of 
sprint kayak racing have indicated that performance is highly related to a number 
of anthropometric and physiological variables. The variety of these physical 
parameters associated with flatwater kayaking performance underlines the 
importance of a wide range of attributes. The literature demonstrates that in all of 
the flatwater distances ranging from 500 m to 42,000 m, kayakers require 
relatively large body dimensions with a highly developed level of upper body 
strength, and high-level capacities for aerobic and anaerobic energy production.
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2.6 Physical  T raining for  S ports  Performance
An understanding of the physiological demands of sporting events and the 
characteristics of high achievers within those events provide a basis on which 
physical training programmes may be prescribed. Any physical training 
programme must be specific to the event itself and to the individual athlete. Such 
individual considerations include the standard and experience of the athlete, their 
relative strengths and weaknesses and their individual response to physical 
training; all of which may be ascertained through a long term physiological and 
performance monitoring programme.
The main goal of physical training is to induce an adaptation to a specific training 
stimulus in order to improve the level of performance and/or skill of an athlete. 
Training theory has established principles with regard to this goal and the 
preparation for competition (Reilly and Secher, 1997). Namely, these are the 
principles of progressive overload, specificity, reversibility and individuality. In 
sports where the development of a number of physiological attributes is 
necessary, the training programme must apply these principles to the 
development of each component so as to produce optimal development in overall 
performance. Due to these individual considerations, there is no common theory 
on the type, quantity and pattern of the physical training that is required to 
achieve a given performance for a certain individual (Steinacker et al., 1998).
Many of the developments in athletic training have emerged from the empirical 
field based observations of successful coaches (Wells and Pate, 1988; Steinacker 
et al., 1998). Paish (1997) has identified two distinct sources of knowledge 
concerning athletic training, describing that based on the experiences of coaches 
as ‘art’, and that provided by the investigations of exercise physiologists as 
‘science’. It is a blend of such art and science that has been responsible for the 
development of much of the contemporary training theory and practices. Sport 
scientists however have had relatively little impact in directly manipulating the 
training practices of athletes (Hawley, 1995). This is perhaps a consequence of
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the difficulties associated with recruiting high standard athletes, to participate in 
well controlled scientific investigations, to examine the effects of physical training 
techniques. Advances in sport science have perhaps offered greater benefits 
within open skill sports, in which individual performance is not easily measurable 
(e.g. team games, combat sports and gymnastics), often through education in 
areas such as hydration and nutrition, recovery and technical development as well 
as physical training for fitness. The science of sports physiology has however 
enabled the identification of the physiological variables that are related to 
successful performance (Hawley, 1995; Pate and Branch, 1992). This has 
provided accurate information for coaches and has provided a focus for scientific 
investigations studying the physiological adaptations to physical training.
2.6.1 S pecific  T raining for  Sprint  Kayak  Racing
There is a paucity of published research into the physical training required for 
flatwater kayaking. However, some texts have provided information based upon 
the training programmes of top-level kayakers (Toro, 1986; Lenz, 1990; West 
1990; Cox, 1992; Endicott, 1995). In addition, Kearney and McKenzie (in press) 
have identified the key physiological objectives of training programmes for sprint 
racing as an enhanced aerobic power for upper body exercise (especially in 
absolute terms), the development of upper body muscle mass, promotion of high 
upper body power output capacity and power endurance, and the ability to 
produce, buffer and tolerate lactic acid. Similarly, Dal Monte etal. (1993) have 
suggested that the factors that limit performance in the 1,000 m event are 
maximum aerobic power, the ability to oxidise the lactate produced, the capacity 
to tolerate a low pH and an ability to maintain a high level of mechanical power. 
In the 500 m event, anaerobic capacity, tissue and blood buffering capacity, 
oxygen kinetics and the ability to produce high levels of mechanical power were 
considered to be the limiting factors and more important than VOapeak (Dal Monte 
et al., 1993). These authors have highlighted the main areas of physical training 
that must be addressed for kayak racing. In addition. Dal Monte et al. (1993)
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stressed that the relevant physiological attributes must be trained in a manner in 
which the muscular dynamics are specific to the sport of kayaking; thus activities 
such as swimming, running and weight training do not provide optimal means for 
specific training adaptation.
The preceding review of literature has indicated that the main areas of physical 
training that must be addressed for flatwater sprinting are the specific 
development of the aerobic, anaerobic and muscular systems for upper body 
exercise. These recommendations are supported by the conclusions of Tesch et 
al. (1976) who stated that high yields from both the aerobic and anaerobic energy 
systems, and the metabolic profile of the specific musculature are important for 
sprint kayaking performance. Fry and Morton (1991) also stressed the 
requirement of aerobic and anaerobic development for success in all distances of 
flatwater racing.
Changes in the specific performance of junior national kayakers in relation to the 
périodisation of training have been identified by Wojczuk and Wojcieszak (1984). 
Performance was assessed at the beginning of the general preparation period, at 
the beginning of the specialised training period, and during the competition 
period, using a four minute kayak ergometry test which had previously been 
shown to evaluate the specific work capacity of 1,000 m kayakers. The general 
preparation period was made up of strength training, endurance running and 
some endurance, interval and repetition kayaking. The specialised training period 
saw a reduction in the volume of strength and endurance running training and an 
increase in endurance, interval and repetition kayaking volume. Significant 
increases were observed in the four minute test for peak power and total work at 
each time, with a 20% increase in specific work capacity over the eight month 
period. The greatest work output, which was measured during the competition 
period, was associated with significantly greater rates of oxygen consumption, 
minute ventilation, heart rate, and a significantly higher concentration of blood 
lactate. These changes corresponded to variations in the physical training 
throughout the year. The four minute performance test showed that the
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preparation period resulted in the kayakers producing a higher power throughout 
the test. During the competition period, the kayakers only increased their power 
output in the final part of the four minute test, demonstrating a higher specific 
endurance for their event (Wojczuk and Wojcieszak, 1984). Whilst the kayakers 
achieved maximal values for all the measured variables during the competition 
period, the authors did question the efficacy of the training programme. The 
amount of specific endurance training in the preparatory period was thought to be 
insufficient, since it had been expected that the greatest gains in aerobic function 
(represented by the rate of oxygen consumption during the trial) would have been 
observed during this period, rather than during the specialised training period. In 
addition, the authors considered that there was insufficient anaerobic training 
during the specialised period, with only 14% of the total distance covered being 
performed as fast interval work.
Since the existing literature has tended to describe the physiological objectives of 
kayak training rather than explain the methods employed to achieve these 
outcomes, reference to more general literature provides detail regarding the 
specific nature of physical training. It is clear that the capacity of the aerobic 
energy system is an important component for the sprint kayaker, thus endurance 
training must make up a considerable part of the paddler's training programme. 
The physiological effects of endurance training on parameters of aerobic fitness 
are well documented. These include an increased maximal oxygen consumption 
(Tordi etal., 1998; Smith etal., 1999), an increased economy and therefore a 
decreased energy cost at submaximal exercise intensities (Billat etal., 1999), an 
increase in critical power (Gaesser and Wilson, 1988; Jenkins and Quigley,
1992), increases in the measures of the anaerobic threshold both in terms of work 
rate and percentage of maximal oxygen consumption (Denis etal., 1982; Yoshida 
et al., 1982), and an increased time to exhaustion. In addition, the influence of 
the intensity at which endurance training is performed has been documented 
(Gaesser and Wilson, 1988; Lindsay etal., 1996; Stepto etal., 1999), showing 
that when endurance training is performed at a high percentage of maximal 
power, greater improvements in VOzmax and endurance performance are
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achieved. This can be explained by the fact that higher intensity training 
manifests greater peripheral adaptations than low intensity endurance training 
(MacDougall and Sale, 1981; Burke etal., 1994).
The ability of the kayaker to produce and sustain high levels of power output has 
also been shown to be essential for success in flatwater racing; therefore the 
development of the anaerobic energy pathway is an important aspect within the 
physical training programme of the competitive paddler. These physiological 
systems are stressed during supramaximal, short duration exercise. By definition, 
supramaximal training exceeds the oxidative capacity of the muscle and therefore 
relies upon energy derived from anaerobic glycolysis and intramuscular creatine 
phosphate stores (Jacobs etal., 1987). Observed physiological adaptations to 
supramaximal exercise training include an increase in the rate and capacity of 
anaerobic energy production concomitant with an increase in peak blood lactate 
concentrations, increases in intramuscular substrates and the concentrations of 
specific enzymes, increased buffering capacity, and the hypertrophy of fast twitch 
muscle fibres (Jacobs etal., 1987; Simoneau etal., 1987; Medbo and Burgers, 
1990; Jenkins etal., 1994). Consequently, improvements in the anaerobic 
parameters of peak power, anaerobic work capacity, the maximal accumulated 
oxygen deficit and post-exercise blood lactate concentrations have all been 
reported following supramaximal exercise training.
Of the literature that has investigated physiological responses to physical training, 
the majority has prescribed exercise regimens designed to produce a one 
dimensional adaptation, that is either aerobic or anaerobic adaptations. However, 
the sport of sprint kayaking, like many other sports, appears to require the 
simultaneous development of a variety of physiological parameters. Unfortunately 
few studies have investigated the efficacy of training programmes that have 
attempted to stress a number of fitness components. Such an approach presents 
complications in the prescription of the physical training and reduces the 
likelihood of manifesting significant improvements in selected physiological 
parameters. However, such investigations do provide a more realistic
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representation of sports specific training. Jensen et al. (1997) investigated the 
performance of a national team of female handball players throughout a 
competitive season. The players performed a prescribed training programme 
which emphasised endurance, strength and speed at different times during the 
five month training period, in addition to their national team and club training.
This resulted in specific adaptation during the different phases of training and was 
effective in increasing all of these components of fitness for the climax of the 
season.
In contrast to the study of Jensen et al. (1997), a number of sources have shown 
that when endurance and strength training are performed within the same phase 
of training, muscular adaptations to strength training are compromised (Dudley 
and Fleck, 1987; Hortobagyi etal., 1991), though physiological adaptations to 
endurance training are not affected (Dudley and Fleck, 1987) and sometimes 
enhanced (Tanaka and Swensen, 1998). Limitations to the development of 
strength and power are speculated to be a result of the adaptation in the oxidative 
capacity of fast twitch muscle fibres and overtraining (Dudley and Fleck, 1987). 
Since muscle strength and power have been established to be highly related with 
sprint kayak performance, this presents a challenging dichotomy for the 
prescription of training for the elite kayaker. Further, it is likely that strength and 
power will have a greater influence on performance in the 200 m, thus further 
confounding the prescription of specific physical training.
2.6.2 S ummary
Whilst there are few publications outlining the physical training for competitive 
flatwater kayakers, information regarding the physiological demands of the sprint 
events and the physical characteristics of elite performers, provide a basis on 
which the objectives of specific training may be founded. In addition, reference to 
literature describing the physiological adaptations to exercise training provide 
detail regarding appropriate types, volumes and intensities that may be employed
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to achieve the specific objectives. Unfortunately, the literature that has 
investigated the response to multidimensional training programmes, attempting to 
train a number of components of physical fitness, is limited. In addition, much of 
the literature has been relatively short term (6-8 weeks) and has not identified 
responses to training in well trained or elite athletes.
Consequently, there appears to be a necessity for research to be undertaken, 
examining the responses in well trained athletes to specific physical training. 
Since the very nature of physical training is to elicit physiological adaptations, 
selection of an appropriate control is essential if the efficacy of the training is to 
be determined. Thus if contemporary training techniques are to assessed, then 
they must be compared to existing training methods. Only by approaching the 
problem in this way, will the efficacy of scientifically based advancements in the 
prescription of physical training be proven.
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2.7 Over a ll  S um m ary  of L iterature  Review
This review has identified a rationale for the present study and has provided a 
context in which the findings may be examined. The physiological demands of the 
1,000 m and 500 m sprint racing events have been previously established; from 
which some conjecture of the possible energetic demands of the 200 m event can 
be made. In addition, there has been literature describing the anthropometric and 
physiological characteristics of top-level sprint kayakers. Some of these studies 
have examined the relationships between these factors and specific performance, 
thus highlighting the physical prerequisites for success within the sport and 
allowing for the prediction of performance. This information can therefore be 
utilised to identify the factors that are most closely associated with successful 
performance and hence which attributes must be addressed within a physical 
training regimen. Thus an investigation into the physiological demands of the 
200 m event and the physical attributes of 200 m racers is necessary. The 
relative importance of these physical characteristics for kayaking performance 
may then be identified; based upon which, it may be possible to prescribe 
effective physical training.
This study identifies the need for an appropriate ergometry system that may be 
employed to determine the functional capacity of 200 m kayakers. Such 
apparatus must accurately simulate the technical and physiological demands of 
open water kayaking, and offer a high degree of reproducibility. If these criteria 
are met, then the physiological assessment of paddlers together with a 
knowledge of the specific demands of the event, may be utilised for the 
prescription of physical training. Whilst few publications have examined the 
physical training required for successful sprint kayak racing, a number of texts 
have described the training practices of international 1,000 m and 500 m 
paddlers. To date however, there have been no descriptions of specific training 
for the 200 m, therefore an investigation into specific training regimens for this 
event is warranted.
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C hapter  3
Physiological Responses to  the 200 m 
Sprint Kayak  Event
3.1 Introduction
Accurate information on the energetic demands of an athletic event is essential in 
providing an understanding of the physiological requirements for that event. Such 
information can be used to assist in the development of physical training 
programmes (Davison, 1995) and can provide a basis on which appropriate 
physiological monitoring programmes may be designed. In the sport of sprint 
kayak racing, the existing literature provides reasonable documentation of the 
physiological demands of the 500 m and 1,000 m events (Tesch etal., 1976; 
Tesch and Karlsson, 1984; Shephard, 1987; Dal Monte etal., 1993; Bourgois at 
a!., 1998). However, since the addition of the 200 m distance, the duration of the 
shortest event has been reduced from approximately 1 min 40 sec to less than 
40 sec for men competing in single kayaks. This has provided the incentive to 
investigate the physiological characteristics of this relatively new, short duration 
and high intensity event. In addition, the development of portable oxygen 
analysers has facilitated the measurement of oxygen consumption in natural 
sporting environments, and thus permits the measurement of respiratory 
responses to the 200 m kayaking event.
To date, there has been very little published research into the physiological 
demands and requirements of the 200 m event. The only study to be found is that 
of Byrnes and Kearney (1997), who calculated the energy contribution to an 
ergometry simulated 200 m trial. The results of their investigation showed that 
during this event there was an estimated (mean ± S.D.) 37 ± 4.4% contribution 
from the aerobic energy pathway to total energy production, for male kayakers. 
However, the physiological demands of 200m kayaking in the open water 
environment have not yet been investigated. Therefore the aims of this study 
were to investigate the physiological responses to open water 200 m kayaking in 
a group of well trained, male kayakers; and to examine possible relationships 
between physiological parameters and 200 m performance.
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3.2 Materials  a nd  M ethods
Ethical  Co nsiderations  All experimental procedures in this study were 
approved by the St. Mary’s Ethics Committee for Teaching and Research. Prior to 
participation, and having been fully informed of the nature of the investigation, all 
subjects completed a pre-test health screening questionnaire and provided written 
informed consent. The questionnaire and consent form are provided in 
appendices 3 and 4, respectively.
S ubjects  Ten senior male, well trained kayakers volunteered to participate in 
this study. Physical characteristics of the subjects are provided in Table 6.
Testing was performed at least 2 hr postprandial and subjects were asked to 
abstain from physical training for the preceding 24 hr period. All subjects had at 
least five years experience of sprint kayak training and racing, six of whom had 
represented Great Britain in international competition.
Table 6 Physical characteristics of subjects.
Subject Body Mass (%) Stature (cm) Age (years)
1 76.0 186.0 20
2 70.0 173.5 28
3 77.5 183.0 24
4 90.5 183.5 18
5 78.0 184.0 25
6 82.5 175.0 37
7 81.0 183.5 25
8 68.0 180.0 22
9 8Z5 173.0 35
10 80.5 189.0 19
Mean 78.7 181.0 25
S.D. 6.5 5.5 6
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Description  of the  K2 A nalysis  System  The K2 is a portable gas analysis 
system (Cosmed K2, COSMED Sri, Rome, Italy) consisting of an analyser and 
transmitter unit, battery, face mask, heart rate transmitter mounted in a chest strap 
and a receiver unit. The face mask and heart rate chest strap are worn by the 
subject, with the analyser, transmitter unit and battery, which weigh approximately 
850 g, carried on a harness worn by the subject. Data are received by the 
receiver unit via telemetry over a range of 600 m (data provided by manufacturer). 
The face mask is fitted with a bi-directional photoelectric turbine and a capillary 
gas sampling port. Expired air is sampled at a rate proportional to minute 
ventilation via a dynamic pump. The K2 consists of a polarographic oxygen 
electrode but does not contain a carbon dioxide analyser; therefore a respiratory 
exchange ratio (RER) of 1.00 is assumed in the calculation of oxygen uptake. 
Thus the formula used to calculate VO2 is: VO2 = VE * (F1O2 -  Fe02). The 
assumption of an RER of 1.00 causes an overestimation of VO2 during high 
intensity exercise due to the greater rates of carbon dioxide expiration. However, 
Peel and Utsey (1993) have demonstrated that the application of a correction 
factor to the method used by the K2 to calculate VO2 failed to significantly affect 
the measured values. In addition, VO2 data measured by the K2 system have 
been validated against the Douglas Bag method (Vogiatzis etal., 1995) and on­
line gas analysis (Dal Monte et al., 1989; Crandall et al., 1994). Before and after 
each trial, the K2 system’s oxygen analyser was calibrated using ambient air and 
a calibration gas of 17% oxygen with a nitrogen balance, and the turbine flow­
meter calibrated using a 3 L syringe.
Proc ed ur es  Following a familiarisation with the course and apparatus, the 
subjects performed a 200 m trial over a measured flatwater course. A self­
prescribed warm-up of at least 15 min was performed before the calibrated 
portable gas analysis system was fitted to each subject for measurement of 
minute ventilation ( VE) and oxygen uptake ( VO2) every 15 sec during the trial 
(see Illustration 1). In light of previous research (Crandall etal., 1994), the 
analyser was turned on and allowed to warm-up for a 60 min period prior to 
calibration and was not used for more than 15 min without recalibration. Heart
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rate (HR) was recorded every five seconds using a short range radio telemetry 
device (Sport Tester, Polar Electro, Kempele, Finland). Immediately after the trial, 
the subjects returned to the test investigator for the collection of earlobe, whole 
blood samples at 3, 5 and 7 min post-exercise for blood lactate (La) determination 
(P-GM7, Analox, Hammersmith, U.K.). The blood analyser was calibrated prior to 
each trial using an 8 mmol L'^  standard. Excess post-exercise oxygen 
consumption (EPOC) was measured via the portable gas analyser for the 10 min 
period immediately following the trial in which the subjects returned to the test 
investigator and recovered passively.
Illustration  1 Analysis o f  expired gas during 200 m trial.
Statistics All results are presented as mean ± S.D. Pearson product moment 
correlation coefficients were calculated where appropriate to determine the 
relationships between selected physiological variables and 200 m performance. 
A significance level of p < 0.05 was established prior to all analyses.
70
3.3 Results
The group mean (± S.D.) time for the 200 m performance trial was 41.4 ± 2.3 sec, 
with a group range of between 38.7 and 45.0 sec. The physiological responses of 
minute ventilation ( VE), oxygen consumption ( VO2) and heart rate (HR) during 
the 200 m trial and the subsequent 10 min recovery period are shown in Figures 
1, 2 and 3 respectively. Group mean data are presented for every 15 sec 
measurement interval during the 200 m trial and the initial 45 sec of the recovery 
period, thereafter data sets are averaged and provided for every 30 sec.
Figure 1 below, demonstrates that minute ventilation increased rapidly during the 
200 m trial until 45 sec, peaking at 134.0 L-min’\  Although the mean time for the 
200 m trial was 41.4 ± 2.3 sec, the sampling period of the K2 gas analyser was
15 sec. Therefore it is unclear whether VE continued to increase or started to 
decrease as soon as subjects completed the 200 m distance. A rapid decrease in 
VE is evident during the first 135 sec of the recovery period; during which time 
VE decreased at a rate of 34.0 Lmin \  Thereafter, minute ventilation stabilised, 
decreasing at a lower rate of 5.3 Lmin'^ for the remainder of the 10 min recovery 
period, until reaching a final value of 20.3 ± 7.2 Lmin \
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Figure 1 Minute ventilation (mean ± S.D.) during 200 m trial and 10 min recovery 
period, vertical broken line represents end of trial.
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Figure 2 Oxygen consumption (mean ± S.D.) during 200 m trial and subsequent 10 min 
recovery, broken vertical line represents end of trial.
Oxygen consumption during the performance trial and recovery period is shown in 
Figure 2 above. It is evident that VO2 also increased rapidly throughout the trial 
period and continued to increase further after completion of the 200 m, reaching a 
peak of 3.33 ± 0.46 L min'^  at 60 sec. From this time, oxygen consumption 
decreased rapidly for the next 2 min at a rate of 0.9 L-min \  For the remainder of 
the 10 min recovery period, oxygen consumption decreased at a lower rate of 
0.1 L*min \  until reaching a level of 0.6 ± 0.2 L-min'  ^ at the final measurement.
Figure 3 illustrates the heart rate during the 200 m performance trial and recovery 
period. Heart rate increased rapidly during the first 30 sec of the trial, reaching 
165 beats min"\ and thereafter increasing only slightly for the remainder of the 
200 m trial reaching 169 beats min'^  at 45 sec. For the initial 150 sec of recovery, 
heart rate decreased by 36 beats-min‘\  until stabilising at between 80 and 85 
beats min'^  for the remainder of the 10 min recovery period.
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Figure 3 Heart rate (mean ± S.D.) during 200 m performance trial and recovery period, 
broken vertical line represents end of trial.
The group mean concentrations of blood lactate measured at 3, 5 and 7 min post­
exercise were 5.4 ± 1.0, 6.6 ±1 .7  and 6.1 ±1 .4  mmol L"^  respectively. When each 
individuals’ peak blood lactate concentrations were analysed, a mean value of
6.7 ±1.7  mmol L"^  was observed. For two of the subjects this peak concentration 
was observed at 3 min after completion of the 200 m trial, for all other subjects 
this occurred at 5 min post-exercise. There was however a considerable inter­
individual variation in the peak blood lactate concentrations which ranged from
4.8 to 10.0 mmol L’\  with the greatest concentration exhibited by the fastest 
kayaker.
Table 7 provides the peak rates of minute ventilation ( VE), oxygen consumption 
( VO2), and heart rate (HR) achieved during the trial. In addition, the peak post­
exercise blood lactate concentration (La) and the total excess post-exercise 
oxygen consumption (EPOC) observed for the trial are given. Both absolute and 
weight normalised measures of VO2 and EPOC are provided. The correlation
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coefficients (r values and significance) between these physiological measures and 
200 m performance time are also given.
Table 7 Physiological responses during the 200 m kayaking trial and correlations with 
performance time.
mean ± S.D. r
Peak VE (L min ) 137.9 ± 18.0 -0.50, NS
Peak VO2 (L-min *) 3.33 + 0.46 -0.72, p < 0.05
Peak VO2 (ml l^ ’kmin'^ ) 42.6 ± 4.8 -0.48, NS
Peak HR (beats-min ^ ) 169 ±9 -0.24, NS
Peak La (mmol L^) 6.7 ± 1.7 -0.44, NS
EPOC (L) 9.9 ± 1.6 -0.78, p < 0.01
EPOC (ml kg-*) 125.3 ± 18.2 -0.62, NS
NS, no significant relationship between variables;
EPOC, excess post-exercise oxygen consumption; La, blood lactate concentration.
Of the physiological responses measured, only the absolute measures of peak 
oxygen consumption and excess post-exercise oxygen consumption over the 
10 min recovery period showed significant relationships with performance time 
(r = -0.72, p < 0.05 and r = -0.78, p < 0.01; respectively). It is of interest however, 
that when these measures were expressed relative to body mass, neither were 
correlated with 200 m performance. In addition, EPOC was correlated with peak 
blood lactate concentration (r = 0.69, p < 0.05), with peak VO2 (r = 0.66, p < 0.05) 
and with peak VE (r = 0.83, p < 0.01). Again, when EPOC and peak VO2 were 
expressed relative to body mass, the strength of agreement between these 
measures was reduced.
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3.4 D iscussion
To date, the only published research relating to the 200 m sprint kayak event is 
that of Byrnes and Kearney (1997). In their study, the aerobic and anaerobic 
contribution to a simulated 200 m test of 40 sec of kayak ergometry was 
assessed. Kearney (1998) later stated that the authors had considered 
investigating the energy contributions during a 200 m trial of open water kayaking. 
The anaerobic energy cost of exercise may be determined using the oxygen 
deficit procedure proposed by Medbo et al., (1988). This procedure requires the 
establishment of a linear relationship between oxygen consumption and power 
output at submaximal exercise intensities, so that the oxygen cost of 
supramaximal exercise may be predicted. However, establishing this submaximal 
relationship in the open water kayaking presents a number of difficulties, namely, 
the unstable environmental conditions and the relationship between boat velocity 
and power output. Therefore, Byrnes and Kearney (1997) chose to use the 
40 sec ergometry test to simulate the 200 m event.
Indeed in the present study, it had been proposed to measure the oxygen deficit 
during 200 m open water kayaking. However, the above problem highlighted by 
Kearney (1998), in conjunction with the known limitations of applying a 
submaximal relationship between oxygen consumption and work rate to determine 
the oxygen cost of supramaximal exercise (Bangsbo, 1996), suggested that this 
practice was impaired by methodological limitations. Therefore this study aimed 
to determine the physiological responses to 200 m sprint kayaking by measuring 
minute ventilation, oxygen consumption, heart rate, post-exercise blood lactate 
concentrations and excess post-exercise oxygen consumption in a group of senior 
male, well trained kayakers.
The findings demonstrate that the 200 m event imposes considerable demands 
upon both the aerobic and anaerobic energy systems. Although it was not 
possible to determine the V02peak of the subjects in this study using the Cosmed 
K2 portable gas analyser, further data have been used with which comparisons
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can be made. Eight of the ten subjects in the present study performed maximal 
incremental kayak ergometry tests as part of a further study. The peak rate of 
oxygen consumption of 3.3 ± 0.5 L-min'  ^ achieved during the 200 m trial compares 
to the peak values of 4.6 ± 0.4 L-min'  ^ attained during maximal ergometry 
exercise, thus representing a utilisation of 76.4 ± 6.5 % of the V02peak during 
200 m kayaking. Further, comparison of the heart rate data under these 
conditions suggested that kayakers achieved 86.9 ± 4.1 % of their maximal heart 
rate in response to 200 m racing. The present study also revealed that kayakers 
accumulate blood lactate concentrations of 6.7 ±1.7  mmol L"^  and excess post­
exercise oxygen consumption volumes of 9.9 ± 1.6 L. However, two of the 
international standard kayakers in the present subject group achieved post­
exercise blood lactate concentrations of between 8 and 10 mmol and EPOC 
volumes exceeding 11.0 L.
It is clear that the demand for aerobic energy production is less than that required 
during the 500 m and 1,000 m events in sprint kayak racing. This is shown by 
comparison with the data of Tesch et al. (1976), who found peak oxygen 
consumption values in senior males of 4.2 and 4.7 L min'^  for 500 m and 1,000 m 
kayaking, respectively. In addition, a French publication by Tesch etal., (1984), 
reported by Shephard (1987), demonstrated that oxygen consumption ranged 
from 3.7 to 4.2 L-min'  ^ for the 500 m and was 4.5 L min’  ^ for the 1,000 m. In the 
same study, peak heart rates of 179 beats min'^  for the 500 m event and of 
between 185 and 195 beats-min"  ^ for the 1,000 m event were observed. The 
value of 3.33 ± 0.46 L-min'  ^ for oxygen consumption and the heart rate of 169 
± 9 beats min"^  measured over 200 m in this study are considerably lower than 
those reported in the above literature for the longer duration events. This is 
consistent with previous reports demonstrating a substantial increase in the 
contribution of aerobic energy as exercise duration increases from 30 sec to 1 
and 2 min (Serresse etal., 1988; Medbo and Tabata, 1989). However, the peak 
rate of oxygen consumption observed in the present study was considerably 
higher than the 2.56 ± 0.32 L-min'  ^ that has been reported for simulated 200 m 
kayaking (Byrnes and Kearney, 1997).
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To determine the anaerobic demands of the 200 m event, post-exercise blood 
lactate concentrations and the excess post-exercise oxygen consumption were 
measured. Peak blood lactate concentrations of 13.2 and 12.9 mmol L'^  have 
been recorded following 500 m and 1,000 m simulated races, respectively (Tesch 
et al., 1976), while Tesch (1983) observed values ranging from 11.0 to 17.5 
mmol L’  ^ following 1,000 m kayak racing. Tesch etal. (1984), as reported by 
Shephard (1987), determined post-exercise, peak blood lactate concentrations of 
between 12 and 14 mmol in 500 m and 1,000 m kayak champions. Slightly 
lower values of 8 to 10 mmol L'^  have been observed following simulated 1,000 m 
races (Heller etal., 1983). Thus the post-exercise, peak blood lactate 
concentration of 6.7 + 1.7 mmol L'^  found in this study is very much lower than 
previous literature has reported for the longer duration events. It is important to 
note however, that the determination of lactate concentrations via the analysis of 
whole blood employed in this study provides considerably lower blood lactate 
concentrations than the traditional colorimetric or fluorometric measurement of 
enzymatically treated, deproteinised samples, that have been used in many of the 
earlier investigations in this area. This does in part explain the relatively low 
blood lactate concentrations observed in the present study. In addition, Medbo et 
al. (1988) have demonstrated that the glycolytic energy system is maximally 
stressed during exhaustive exercise of two minutes and longer. The 200 m 
kayaking event lasting approximately 40 sec therefore appears to be too short to 
impose quantitatively as great a demand upon anaerobic glycolysis and thus does 
not result in very high blood lactate concentrations. This does however conflict 
with the findings of Byrnes and Kearney (1997), who demonstrated that the 
oxygen deficit or anaerobic energy yield during simulated 200 m, 500 m and 
1,000m kayaking is relatively constant.
The findings of this study are also in contrast to those for the blood lactate 
concentrations that have been observed in other sports of similar duration. 
Nummela et al. (1992) observed peak blood lactate concentrations of 11.3 ± 0.6 
mmol-L^ following a 300 m sprint lasting approximately 40 sec, in well trained 
male400 m runners. Similarly, Hirvonen etal. (1992) recorded peak blood lactate
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concentrations of nearly 15 mmol L'^  following a 400 m run, in male sprinters and 
middle distance runners. It is likely that the smaller muscle mass employed 
during upper body exercise as compared to running (Franklin, 1985) accounts for 
this disparity.
The second measure of anaerobic responses in this study, the excess post­
exercise oxygen consumption, was 9.9 ± 1.6 L for the 10 min period immediately 
following the 200 m effort. The only available literature providing data for excess 
post-exercise oxygen consumption in kayaking is that of Heller et al. (1983) and a 
Czechoslovakian publication by Seliger (1969), reported by Shephard (1987). 
These demonstrated oxygen debt repayments of 8.2 L in male kayakers over a 
500 m course and of 9.0 L over a 1,000 m course. It is possible that because 
oxygen consumption peaked some 15 sec after completion of the 200 m trial in 
this study, the VO2 in this period may have over-contributed to the total EPOC.
Whilst measures of the aerobic and anaerobic responses during the 200 m event 
have been made in this study, no parameter associated with energy production 
from the ATP-PC system has been determined. Although the initial, fast 
component of the excess post-exercise oxygen deficit has been proposed as a 
measure of the alactic capacity, or the energy yield from the ATP-PC system 
(Roberts and Morton, 1978; Sawka etal., 1980), more recent literature has shown 
this to provide an overestimation of this capacity (Medbo and Tabata, 1989; 
Bangsbo et al., 1990). However, it is generally agreed that this system is the 
primary source of energy for short, intense bouts of exercise of ten seconds and 
less (Serresse etal., 1988; Smith and Hill, 1991; Hirvonen etal., 1992; Bogdanis 
et al., 1996). Many of these studies have based the assessment of the 
contribution of the ATP-PC energy system upon a number of assumptions, in 
particular, that all energy is derived from this system until peak power is achieved 
and thereafter the contribution declines in a linear fashion until 10 sec after the 
onset of exercise. For exercise bouts of 30 sec, such investigations have 
provided estimations in the region of 23-28% for the contribution energy derived 
from the ATP-PC system. Therefore it is appropriate to assume that much of the
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anaerobic energy yield during the 200 m event comes from the ATP-PC system in 
addition to that provided by anaerobic glycolysis.
Significant relationships were found between 200 m performance and the 
physiological responses measured during the trial. Absolute values of the peak 
rate of oxygen consumption during the trial and the excess post-exercise oxygen 
consumption over the 10 min recovery period were both significantly correlated 
with performance time (r = -0.72, p < 0.05 and r = -0.78, p < 0.01, respectively). 
This suggests that successful performance in the 200 m event is affected by both 
the ability to consume oxygen at a fairly high rate and to sustain a considerable 
oxygen deficit during the race. However, when EPOC and peak VO2 were 
normalised for body mass, no significant relationships with 200 m performance 
were observed, which concurs with other studies (Sidney and Shephard, 1973; 
Fry and Morton, 1991) indicating that kayaking performance is related more to 
absolute measures of power than to weight normalised values. Since the kayak 
provides support for body mass, with an increase in mass producing only minimal 
increases in drag, it appears that the larger individual, with greater absolute 
aerobic and anaerobic power commands a physiological advantage.
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3.1.5 S um m ary , Co nclusio ns  and  R eco m m endations
The methodological difficulties presented in the measurement of the oxygen 
deficit during kayaking meant that it was not possible to quantify the relative 
aerobic and anaerobic contributions to the 200 m event; however, this study has 
provided important information regarding the energetic demands of 200 m 
kayaking. The results demonstrate that 200 m sprint kayak racing places 
considerable demands on both the anaerobic and aerobic energy pathways, 
which is consistent with previous research investigating short duration exercise 
(Serresse etal., 1988; Medbo and Tabata, 1989). In addition, the correlation 
coefficients between physiological variables and performance suggest that the 
rate at which the kayaker can utilise these energy systems is important for 
successful 200 m racing.
Further work is required to establish reliable protocols for the determination of the 
relationship between oxygen consumption and power output in open water 
kayaking. This will allow the procedure outlined by Medbo et al. (1988) to be 
applied to sprint kayaking events and thus the quantification of the anaerobic 
energy yield during competitive events. In turn, a greater accuracy in the 
assessment of the physiological demands of the sport will aid in the prescription 
of more specific training for kayakers and the development of suitable protocols 
for their physiological assessment
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C hapter  4
T he Reliability and  V alidity  of the
K1 ERGO Kayak  Ergom eter  for  the 
Purposes of Physiological A ssessm ent
4.1 In tro d u ctio n
Sport and exercise physiology has provided the means for the determination of an 
athlete's physiological status both in the laboratory and the field environment. In 
most instances such assessment is best executed in the natural environment for 
the specific sport. However, in kayaking this presents a number of practical 
difficulties (Cox, 1992), particularly in the collection of expired air and blood 
sampling. For these reasons, laboratory testing using a kayak ergometer may 
provide a suitable alternative. So that laboratory testing is valid, it is imperative 
that the equipment simulates the sports-specific movements accurately and 
reliably. In addition, laboratory procedures must replicate the physiological 
demands of that sport (Hatch, 1981; MacDougall and Wenger, 1991; Macfarlane 
et al., 1997). This will allow the monitoring of specific changes in training status 
and might allow the sport scientist to identify performance influencing factors.
With respect to kayaking, a variety of ergometers have been produced for the 
laboratory assessment of athletes. Traditionally, arm crank ergometers were 
employed, however these lack specificity for the kayaker, utilising a smaller 
muscle mass than that recruited during paddling (Wojczuk and Wojcieszak, 1984; 
Larsson et al., 1988). Pyke et al. (1973) were among the first to highlight the 
limitations of arm crank ergometry and design a specific kayak ergometer, based 
upon a modified bicycle ergometer. Later developments employed both air 
braked and mechanically braked systems, both of which have been shown to be 
valid representations of kayaking (Larsson etal., 1988; Witkowski etal., 1989). 
However, limitations in the use of previous ergometers for physiological 
assessment have been demonstrated (van Someren and Dunbar, 1996; Kruger et 
al., 1997). More recently, an air braked kayak ergometer that can be interfaced 
with a personal computer has been developed (Roger Cargill, K1 ERGO, 
Australian Sports Commission, Australia). This is now one of the most widely 
used systems for the training and physiological monitoring of kayakers.
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This study comprises two parts; the principal aim of the first part was to establish 
the reliability of the K1 ERGO kayak ergometer for the assessment of anaerobic 
power and capacity in paddlers. The second part investigated the validity of the 
kayak ergometer by comparing the physiological responses observed during 
ergometry with those of open water kayaking during high intensity exercise.
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P a r t  1 The R e liab ility  o f  th e  K1 ERGO Kayak E rg o m e te r  
4.2 M a te ria ls  and M ethods
Ethical  Co nsiderations  All experimental procedures were approved by the St. 
Mary’s Ethics Committee for Teaching and Research. Prior to participation, and 
having been fully informed of the nature of the investigation, all subjects 
completed a pre-test health screening questionnaire and provided written 
informed consent. The questionnaire and consent form are provided in 
appendices 3 and 4, respectively.
S ubjects  Nine senior male kayakers who had all been training and competing 
for at least two years, volunteered to participate in this experiment. Physical 
characteristics of the subjects are provided in Table 8. All testing was performed 
at least 2 hr postprandial and following a 24 hr period of restricted physical 
exercise.
Table 8 Physical characteristics of subjects.
Subject Mass (kg) Stature (cm) Age (years)
1 79.8 169.5 27
2 78.9 183.5 25
3 78.5 181.5 36
4 82.1 182.0 23
5 84.7 185.0 33
6 82.5 181.5 26
7 80.3 173.5 35
8 67.5 173.0 34
9 81.5 184.5 26
Mean 79.5 179.3 29
S.D. 4.9 5.7 5
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D escription o f  The K1 ERGO Kayak E rg o m e te r This ergometer has been 
developed in Australia (K1 ERGO, Australian Sports Commission, Australia) and 
marketed world-wide. It is the ergometer of choice for athletes and sports 
physiologists both in Australia (Clingeleffer et al., 1994) and the U.K. for the 
purposes of land based training and physiological testing. The ergometer allows 
the athlete to adopt the same posture as in a kayak, with the kayaking action 
being made using a paddle shaft, which is attached to an air braked flywheel by a 
rope fixed at each end (see Illustration 2). The resistance may be changed by 
varying the air intake to the flywheel and therefore the braking effect. The 
ergometer is interfaced with a computer to measure power output, work done, 
stroke rate and stroke length; this provides real time feedback for the athlete and 
for subsequent data analysis after the test. The ergometry software measures 
power output based upon the velocity of the air braked flywheel; no correction 
factor for inertia and acceleration is made. Consequently, the only calibration that 
is required prior to use, is that of the elastic tension acting upon the ropes of the 
apparatus.
Ki ago
Illustration 2 The KI ERGO kayak ergometer.
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PROCEDURES Subjects performed a modified Wingate Anaerobic Test (WAnT) on 
the K1 ERGO on three separate occasions, at the same time of day, 2-7 days 
apart. The original 30 sec WAnT was first described in 1977 (Bar-Or et al.) and 
has since been extensively used for the assessment of anaerobic power and 
capacity (Bouchard et al., 1991). Upper body Wingate tests are often performed 
using cycle ergometers modified for arm crank exercise (e.g. Rohrs et al., 1990; 
Hawley and Williams, 1991; Little, 1991). However, these lack specificity for the 
kayaker and therefore the test was currently modified for specific kayak exercise 
using a kayak ergometer. \
The first trial was to familiarise the subjects with the ergometer and the test 
protocol. The second and third trials were used to determine the reproducibility of 
anaerobic power and capacity assessment. On each occasion subjects 
completed a 10 min warm-up at a work rate of less than 100 watts, followed by 
three short sprints, each often strokes. Subjects were instructed to increase the 
work rate to 100 watts prior to the start of the modified WAnT. The test was then 
started on the command of the test investigator, and subjects performed an all-out 
30 sec effort, without pacing. Heart rate was monitored during the tests via short 
wave telemetry (Sport Tester, Polar Electro Gy, Finland) and whole blood 
samples were collected from the earlobe at 3 min, 5 min, 7 min and 9 min intervals 
after exercise for the determination of blood lactate concentrations via a blood 
analyser (Analox P-GM7, Hammersmith, U.K.) that had been calibrated with an 8 
mmol L'^  standard. The ergometer was interfaced with a personal computer for 
the analysis of power output, from which peak power, total work, the fatigue index 
were calculated. For safety reasons, subjects were required to perform a cool­
down on the ergometer for at least 5 min following each trial.
Statistics All results are presented as mean ± S.D. The reproducibility of 
performance parameters and physiological responses to the trials were 
determined by calculating the coefficient of variation of the repeated measures for 
each subject. In addition, techniques described by Bland and Altman (1986) were 
employed to determine the reproducibility of each parameter. This method makes
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a calculation of the differences between the repeated measures and provides a 
coefficient of repeatability, which may be expressed either in absolute terms or as 
a percentage of the mean test-retest measure.
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4.3 Results
The performance measures recorded during the WAnT test and retest trials were 
peak power output (PP), total work done (work), mean power output (MP) and the 
fatigue index (FI). The physiological responses recorded were the post-exercise 
blood lactate concentration (La) and the peak heart rate (HR). The mean (+ S.D.) 
of the measurements recorded in the test and retest trials are shown in Table 9.
Table 9 Mean (± S.D.) performance measures and physiological responses to modified 
Wingate test.
PP Work MP n Peak La HR
(Watts) (kJ) (Watts) (%) (mmol L *) (beats min *)
382.4 ± 68.7 9.34 ±1.46 312.7 ±50.3 33.4 ±7.5 7.5 ± 1.8 173 ±11
PP, peak power; MP, mean power; FI, fatigue index; La, blood lactate concentration.
Table 9 illustrates that the peak power for the group was 382.4 ± 68.7 W; in all 
cases this was achieved within the first 6.5 sec of the trials. The total work done 
in the 30 sec period was 9.34 ± 1.46 kJ, which equates to a mean power during 
the trials of 312.7 ± 50.3 W. The fatigue index, which represents the difference in 
peak power and minimum power during the trials was 33.4 ± 7.5%. Of the 
physiological responses measured during the trials, the post-exercise blood 
lactate concentrations reached a peak value of 7.5 ±1 .8  mmol L"\ In seven of the 
nine subjects this peak lactate concentration was at 5 min following the trials. The 
peak heart rate for the trials was 173 ±11 beats-min'\ which in all cases was 
reached within 5 sec of the end of each trial.
Table 10 displays the peak power, total work, the post-exercise blood lactate 
concentrations and peak heart rate measured in the test and retest trials. In 
addition, the coefficients of variation (CV) of these variables between trials are 
presented.
88
Table 10 Repeated measures of selected performance parameters and physiological 
responses.
PP
(Watts)
Work
(kJ)
La 
(mmol L *)
HR 
(beats* min*)
Test 381.7 ±76.0 9.30 ±1.52 7.4 ±1.9 173 ± 12
Retest 383.2 ±65.2 9.38 ± 1.49 7.6 ± 1.7 173 ±11
CV (%) 2.2 ±2.1 1.4 ± 1.2 5.8 ±5.9 0.7 ± 0.4
The coefficient of variation for all measures, except post-exercise blood lactate 
concentration, was less than 2.2%, demonstrating very little variability in these 
parameters. The CV for blood lactate however, was relatively high at 5.8%, with 
the standard deviation of the CV exceeding the CV itself. This demonstrates a 
high degree of both intra-individual and inter-individual variability for the 
measurement of blood lactate following supramaximal exercise. An alternative 
procedure for the measurement of reproducibility has been described by Bland 
and Altman (1986); this determines the differences between measures from 
repeated trials. Figures 4 and 5 provide plots of the test-retest differences in the 
selected performance measures and physiological responses. The plots show the 
differences for each subject against the mean difference and the mean ± 2 S.D. of 
the test-retest differences.
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Figure 4 Test-retest differences in peak power and total work.
The above figure shows that the mean difference for repeated measurements of 
peak power and total work are very close to zero, and that 100% of the test-retest 
differences lie within ± 2 S.D. of the mean difference. This demonstrates a high 
degree of reproducibility for the measurement of performance parameters during 
supramaximal exercise on the kayak ergometer.
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Figure 5 Test-retest differences in blood lactate and heart rate.
Figure 5 shows that the mean differences for repeated measurements of blood 
lactate and heart rate are very close to zero; again 100% of the test-retest 
differences lie within ± 2 S.D. of the mean difference. Therefore a high degree of 
reproducibility was shown for the measurement of physiological parameters 
during supramaximal kayak ergometry. The coefficient of repeatability (COR) is 
calculated as two standard deviations of the differences between two trials and
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may be expressed in both absolute terms and as a percentage of the mean test- 
retest value. Table 11 provides the mean difference, and the coefficients of 
repeatability for peak power, total work, the post-exercise blood lactate 
concentration and heart rate.
Table 11 Mean differences and coefficients o f repeatability (COR) of test-retest 
measures.
PP Work La HR
Mean difference 0.4 W -0.09 kJ -0.2 mmol-L'^ 0.2 beats
COR 21.4 W 0.41 kJ 1.4 mmol-L'^ 4.2 beats min'^
COR(%) 5.6 4.4 18.8 2.4
Again the coefficients of repeatability provided in the above table demonstrate a 
high level of reproducibility for PP, work and HR for supramaximal exercise 
testing. The 18.8% coefficient for La however, does raise concerns over the 
efficacy of the use of blood lactate measurements for the physiological 
assessment of supramaximal capacity in kayakers. The coefficient of variation for 
repeated measurements of an 8 mmol L'^  standard using the Analox P-GM7 
analyser was determined at <1%, which indicates that the inconsistency in the 
determination of La was derived from biological variation rather than 
methodological error.
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Part  2: T he  V alidity  of the  K1 ERGO Kayak  Ergom eter  
4.4 Materials  and  M ethods
Ethical Considerations  All experimental procedures were approved by the St. 
Mary’s Ethics Committee for Teaching and Research. Prior to participation, and 
having been fully informed of the nature of the investigation, all subjects 
completed a pre-test health screening questionnaire and provided written 
informed consent. The questionnaire and consent form are provided in 
appendices 3 and 4, respectively.
S ubjects  Nine, well trained male kayakers, who had all been training and 
competing for at least four years volunteered to participate in this study. These 
were different subjects to those who had participated in part 1 of this experiment. 
Physical characteristics of subjects are provided in Table 12. All subjects had 
trained on, or had participated in previous studies, using the ergometer, and were 
therefore familiar with this equipment.
Table 12 Subject characteristics.
Subject Mass (1%) Stature (cm) Age (years)
1 79.5 182.0 26
2 79.3 187.5 31
3 81.3 181.0 26
4 823 170.0 27
5 64.0 173.0 20
6 72.5 180.0 18
7 84.0 181.0 25
8 80.0 183.0 19
9 72.8 178.0 20
Mean 77.3 179.5 24
S.D. 6.4 5.3 4
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PROCEDURES All subjects were required to perform a 4 min self-paced water 
kayaking trial (OW) and a 4 min self-paced ergometer trial on the K1 ERGO (Erg). 
The two trials were conducted on two separate occasions, in random order,
2-10 days apart. Each trial was performed at the same time of day, at least 2 hr 
postprandial, and following a 24 hr period of restricted physical training. The 
trials were designed to closely mimic a 1,000 m race in which participants select 
their own pacing strategy. Due to the laboratory and outdoor environments, the 
air temperature was significantly higher (p < 0.05) in Erg compared to OW (20.3 
± 1.1 vs 16.8 ± 3.4 °C, respectively) however, there was no difference in 
atmospheric pressure between the trials.
Open W a te r  Kayaking T r ia l  (OW) The aim of the open water trial was to cover 
as much distance as possible in four minutes. Distance covered was measured 
using a waterproof odometer (Paddle SpeedCoach, Nielsen Kellerman, Chester, 
U.S.A.) which consisted of a small impeller attached to the underside of the hull 
and a digital display affixed to the deck of the individual’s kayak. The odometer 
was calibrated prior to each trial by the subject paddling over a measured 1,000 m 
course; thus taking account of differences in the movement of the kayak between 
individuals. Subjects performed a self-prescribed warm-up for a minimum of 
10 min. The trial was started, with the kayak stationary, on the sound of an 
audible alarm which had been set by the test investigator prior to warm-up. One 
minute intervals were signalled to the subjects via the alarm. During both the 
warm-up and the 4 min trial, a portable gas analyser (Metamax, Cortex, Leipzig, 
Germany) was installed in the kayak. The analyser was calibrated prior to trials 
using ambient air and a 16% oxygen and 5% carbon dioxide calibration gas; the 
flow meter was calibrated using a 3 L syringe. The analyser measured and 
recorded minute ventilation, oxygen uptake, carbon dioxide production, the 
respiratory exchange ratio and allowed for the estimation of carbohydrate 
oxidation (CHO-ox). These data were also recorded by the test investigator via a 
personal computer interfaced with the system’s telemetry receiver. Heart rate was 
recorded every 5 sec via a short wave telemetry device (Polar Vantage, Polar 
Electro GY, Kempele, Finland).
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On completion of the 4 min trial, subjects returned to the test investigator for the 
collection of earlobe, whole blood samples at 3 min, 5 min and 7 min intervals 
post-exercise for the subsequent determination of lactate concentrations via a 
portable blood analyser (PGM-7, Analox, Hammersmith, U.K.), calibrated with a 
5 mmol standard. After the collection of blood samples, subjects remained in 
the kayak to complete a cool-down of at least 5 min. Wind speed was recorded 
via a portable anemometer (Airflow TA2, Airflow Devt. Ltd., High Wycombe, U.K.); 
when wind speed exceeded ± 2 m s'^  trials were postponed. Air temperature and 
atmospheric pressure were monitored via sensors within the gas analyser system.
Kayak  Er g o m eter  T rial (E r g ) The aim of the ergometer trial was to perform as 
much work as possible in the 4 min period. Total work performed was recorded 
on a computer interfaced with the ergometer (K1 ERGO, Australian sports 
Commission) and subsequently downloaded to a spreadsheet for analysis. 
Previous pilot studies had demonstrated that the ergometer provided a more 
accurate simulation of kayaking when a fan restrictor, as supplied by the 
manufacturer, was fitted, thus decreasing the air resistance and braking effect on 
the flywheel. Subjects were allowed a self-prescribed warm-up of at least 10 min. 
The trial was started, with the ergometer flywheel stationary, on the command of 
the test investigator. One minute intervals were signalled verbally to the subjects 
by the test administrator. Minute ventilation ( VE), oxygen consumption ( VO2), 
carbon dioxide production ( VCO2), respiratory exchange ratio (RER), heart rate 
(HR) and blood lactate concentrations (La) were determined in the same way as 
in OW. Air temperature and atmospheric pressure were again monitored through 
the gas analyser system. Again subjects were required to perform an active cool­
down of at least 5 min following the trial.
Statistics  All results are presented as mean ± S.D. Differences between trials 
were analysed for statistical significance using paired samples f-tests. Where 
appropriate, Pearson product moment correlations were applied to determine the 
relationships between variables. A significance level of p < 0.05 was selected 
prior to analyses.
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4.5 R esults
The group mean for distance covered was 991.4 ±47.1 m during the 4 min open 
water performance trial. The mean total work done in the 4 min laboratory effort 
was 47.6 ± 7.7 kJ. The relationship between these two measures of performance 
in the open water and laboratory trials is shown in Figure 6.
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F ig u r e  6 Relationship between performance measures in OW and Erg.
The dashed lines illustrate the 95% confidence intervals.
These data show a strong relationship (R  ^= 0.86) between the distance covered 
and work done in the two trials, with the regression:
Y = 5.7 X + 720
where Y is the distance covered in m, and X is the total work done (kJ), providing 
a standard error of the estimate of 18.8 m. This would suggest that for the 
standard 1,000 m race distance, a kayaker would need to perform approximately 
49 kJ of mechanical work in 4 min.
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Figure 7 illustrates the changes in VE, VO2 and VCO2 during the two 
performance trials. The upper panel in Figure 7 indicates that VE increased 
rapidly in the first 2 min of both trials, thereafter increasing only slightly. Peak 
rates in VE were observed after 4 min at 135.3 ± 19.2 and 135.0 ± 13.7 L-min'  ^ for 
OW and Erg trials, respectively. Analysis of the two trials revealed that VE was 
significantly higher in OW at 60 sec and 90 sec (104.2 ± 16.4 vs 92.6 ± 20.4 
L-min'  ^ and 120.5 ± 15.8 vs 111.7 ± 17.6 Lmin'^ for OW and Erg respectively,
p < 0.05). No other differences in VE were found at any other time during the 
4 min trial.
The middle and lower panels of Figure 7 show VO2, and VCO2 during the trials. 
These also increased in a similar fashion to VE, levelling off after 2 min. No 
significant differences between trials were observed at any time for these 
measures. In addition, there was no difference between the two trials for the 
subjects’ peak VO2 which was achieved after 4 min (4.10 ± 0.49 vs 4.09 ± 0.53 
L-min‘  ^ for OW and Erg, respectively).
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production during 4 min performance trials of open water kayaking and laboratory 
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Figure 8 (upper panel) illustrates the respiratory exchange ratio during the trials. 
The RER was significantly higher in OW at the start of the trial (1.12 ± 0.08 vs 
1.00 ± 0.10), but thereafter there were no other differences between trials. RER 
decreased in OW from the start of the trial to the 60 sec time point and in Erg from 
the 30 sec to 60 sec period of the trial. Thereafter RER increased in both trials 
reaching a peak at 2 min (1.16 ±0.07 vs 1.14 ±0.06 for OW and Erg, 
respectively) and subsequently decreasing slightly. Figure 8 (lower panel) 
indicates the estimated carbohydrate oxidation, for which no differences were 
found between trials. This is seen to increase for the first 2 min of the trials, 
thereafter remaining stable at approximately 8 g min’  ^during both trials.
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Figure 8 Mean (± S.D.) respiratory exchange ratio and estimated carbohydrate oxidation 
for open water and laboratory simulated kayaking.
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The results of the heart rate analysis during the two trials are illustrated in Figure
9.
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Figure 9 Mean (± S.D.) heart rate responses to 4 min performance efforts during open 
water and laboratory simulated kayaking.
In both trials heart rate increased rapidly in the first 90 sec after which there was 
only a slight increase. Heart rate was found to be significantly higher (p < 0.05) in 
OW at the start of the trial (120 ± 20 vs 104 ± 19 beats min'^  in Erg), as well as at 
the 30 sec and 60 sec time points (164 ± 8 vs 147 ± 18 beats min'^  and 178 ± 6 vs 
170 ± 7 beats min'^  for OW and Erg trials, respectively). No other differences in 
HR were found between trials. In addition, there was no difference between trials 
for subjects’ peak HR (185 ± 6 vs 186 ± 7 beats min'^  for OW and Erg, 
respectively).
Analysis of post-exercise blood lactate concentrations at 3 min, 5 min and 7 min 
after completion of the performance trials revealed no significant differences 
between the two conditions (6.3 ± 1.5 vs 6.5 ±1.1 mmol*L‘\  5.9 ± 1.6 vs 6.3 ±1.2  
mmol L'^  and 5.5 ± 1.4 vs 5.9 ±1.1 mmol for 3, 5 and 7 min post exercise in OW  
and Erg, respectively). The peak blood lactate concentrations, irrespective of 
time, were 6.4 ±1.5 and 6.6 ± 0.9 mmol L"^  for OW and Erg. Similarly, there was
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no significant difference in the peak post-exercise blood lactate concentration 
between the two trials.
The relationships between performance and selected physiological variables were 
investigated to identify any contributory factors to performance under the two trial 
conditions. Table 13 provides correlation coefficients for these relationships in 
OW and Erg trials.
Table 13 Correlation coefficients for open water (OW) and ergometer (Erg) trials.
OW, Distance (m) Erg, Work (kJ)
Body Mass (%) r = 0.62, NS r = 0.76, p < 0.05
Peak VO2 (L-min )^ r = 0.79, p < 0.05 r = 0.75, p < 0.05
Peak VO2 (ml kg min ) r = 0.67, p < 0.05 r = 0.38, NS
NS, no significant relationship between variables.
In the open water trial, distance covered was correlated with peak absolute VO2 
and with peak VO2 normalised for body mass (r = 0.79, p < 0.05; and r = 0.67, 
p < 0.05; respectively). In the laboratory ergometer trial, work done was 
correlated with body mass and with peak absolute VO2 (r = 0.76, p < 0.05; and 
r = 0.75, p < 0.05; respectively), but not with VO2 relative to body mass.
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4.6 D iscussion
The first part of this study investigated the reliability of the assessment of 
anaerobic power and capacity in senior male kayakers, using the K1 ERGO kayak 
ergometer. This ergometer is a relatively new device for which little data 
regarding reproducibility have been published. Repeated trials of a modified 
Wingate test demonstrated low coefficients of variation for the performance 
measures peak power, total work and the fatigue index. Of the physiological 
responses measured, heart rate displayed a low CV of 0.7 ± 0.4%, though blood 
lactate concentrations were shown to be less reproducible (5.8 ± 5.9%), see Table
10. In addition, the use of methods discussed by Bland and Altman (1986) 
demonstrated that the mean test-retest differences of all parameters were close to 
zero and that all individual test-retest differences lay within the coefficient of 
repeatability (Figures 4 and 5). These results established that there were very 
few discrepancies between these measures in repeated trials, thereby supporting 
the findings of Barnes and Adams (1998) who showed high reproducibility for two 
minute trials using this system. Thus, the kayak ergometer provides a 
reproducible means for the assessment of supramaximal exercise performance in 
well trained kayakers.
There is a paucity of literature describing the anaerobic capacities of flatwater 
kayakers with which to discuss the results of this study. However, Obuchowicz- 
Fidelus etal. (1986) have provided data on the performance of female national 
team kayakers in a 30 sec upper body Wingate test. They found a peak power of 
349.9 ± 37.7 W  which compares to 382.4 ± 68.7 W  measured in this study. The 
female kayakers in the study of Obuchowicz-Fidelus etal. (1986) performed 9.38 
± 0.96 kJ of work during the 30 sec test compared to the 9.34 + 1.46 kJ found in 
the present study. Therefore the present subject group of male kayakers 
demonstrated a slightly greater peak power and an almost identical total work to 
the female national kayakers. This is probably consistent with the performance 
standard of the two subject groups.
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It is also possible to compare the present results with those of Fry and Morton 
(1991), who measured one minute all-out performance in a kayak ergometry test.
A group of selected Australian state kayakers achieved a total work output of 21.8 
±5.1 kJ, which corresponds to a mean power output of 383 W. These were found 
to be significantly greater than the total work (16.7 ± 5.6 kJ) and mean power 
(278 W) measured in a group of non-selected state kayakers. Whilst the present 
study and that of Fry and Morton (1991) employed tests of a different duration, it 
can be seen that the mean power output for the present subject group (312.7 
± 50.3 W) is higher than that achieved by a comparable group over a one minute 
duration. The agreement of the present results with the existing literature provide 
support for the use of the K1 ERGO in the assessment of anaerobic parameters in 
flatwater kayakers.
The peak blood lactate concentration of 7.5 ±1.8 mmol L"^  found in this study 
exceeds that of 6.7 ±1.7 mmol observed following 200 m kayaking under 
simulated race conditions (see Chapter 3). Whilst the 30 sec test in this 
experiment was considerably shorter than the duration of the 200 m trial, it is 
possible that the ergometer allows the kayaker to work maximally without the 
constraints of balance and technique that are imposed during open water 
kayaking. Lower blood lactate concentrations (5.8 ±1.9 mmol L'^ ) have also been 
observed in elite kayakers following a specific 20 sec sprint ability test conducted 
on a pulley training machine (Issurin, 1998).
Therefore, the findings of the first part of this study demonstrate that a modified 
WAnT performed on the K1 ERGO provides a reliable method for the assessment 
of anaerobic parameters in senior male kayakers. However, the results do show a 
lack of reproducibility in the measurement of blood lactate concentrations, and 
therefore suggest limitations for the use of blood lactate as a physiological index 
in supramaximal exercise testing. The agreement in the measures of peak power 
and total work reported in other investigations provide further support for the use 
of this equipment. Consequently, this apparatus is suitable for the longitudinal 
and cross sectional monitoring of the anaerobic characteristics of kayakers.
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The second part of this study investigated the validity of the K1 ERGO by 
comparing the physiological responses during open water kayaking and 
laboratory based ergometry exercise. The first major finding of this part of the 
study was that the distance covered in the 4 min open water kayaking 
performance trial was highly correlated with work done in 4 min of kayak 
ergometry (R  ^= 0.86). This result would suggest that using the K1 ERGO in a 
4 min performance trial would be an accurate laboratory based prediction of the 
distance an athlete can cover in 4 min of open water paddling. Due to the similar 
duration, the 4 min ergometry test may possibly be used as a predictor of 1,000 m 
race time.
The second major finding was that, as can be seen in Figure 7, Figure 8 and 
Figure 9, the only differences between trials were for minute ventilation at 60 sec 
and 90 sec into the trials and for the respiratory exchange ratio at the start of the 
trials; all of which were higher in the OW trial. Heart rate differed only at the start 
and over the first 60 sec of the trials, again being higher in OW. The observed 
differences in RER and HR are perhaps a function of different warm-up strategies 
in the two trial conditions. Whilst subjects were encouraged to adopt a similar 
warm-up strategy, it was not possible to control this. In addition, it is possible that 
although open water kayaking and kayak ergometry are similar, there may be 
differences in mechanical efficiency especially in the early stages of exercise, 
prior to reaching a steady state, as seen in Figures 7, 8 and 9. These results give 
further support to the use of the K1 ERGO as a method of replicating open water 
kayaking in the laboratory setting for well trained paddlers.
Another finding of this investigation was that there were no differences in subjects' 
peak VE, peak VO2, peak HR and post-exercise blood lactate concentrations 
between the two trial conditions. These results are in contrast to the findings of 
Barnes and Adams (1998) who, based on differences in blood lactate 
concentrations and stroke rates, concluded that a two minute bout of exercise 
using the K1 ERGO did not provide a valid simulation of 500 m open water 
kayaking. The physiological responses observed during open water kayaking in
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the present study compare to a peak VO2 of 4.7 L-min‘  ^ recorded in elite Swedish 
kayakers during 1,000 m paddling (Tesch etal., 1976). In addition, Tesch etal. 
(1976) reported that during open water kayaking, VO2 was not increased when 
exercise duration was increased from 4 min to 6 min. Indeed the present VO2 of 
4.10 ± 0.49 L min'^  exceeds the rate of oxygen consumption measured in similar 
standard subjects during maximal kayak ergometry (Fry and Morton, 1991). Heart 
rates of between 185 and 195 beats min"^  have been reported during 1,000 m 
open water kayaking (Shephard etal., 1987; Bourgois etal., 1998), which are 
similar to the peak heart rate of 185 ± 6 beats min’  ^ in the present study.
However, the mean blood lactate concentration measured in this study was 6.4 
±1.5 mmol L"\ with the highest individual value at 9.0 mmol which are 
considerably lower than those of between 11.0 and 17.5 mmol L'^  that have been 
previously reported following 1,000 m kayaking (Tesch etal., 1976; Tesch, 1983; 
Dal Monte et al., 1993). In addition to the analysis of whole blood resulting in 
lower blood lactate concentrations, as discussed in Chapter 3, these differences 
may in part be explained by the fact that the subject group investigated in this 
study was not of elite standard and therefore possessed lower levels of skill and 
conditioning.
Of further interest are the correlation coefficients between selected dependent 
variables (Table 13). In Erg, peak absolute VO2 was correlated with the total 
work performed (r = 0.75, p < 0.05); however, when VO2 was normalised for body 
mass, this relationship was not significant. This suggests that absolute aerobic 
power is more influential than relative aerobic power for kayak ergometry 
performance. This is supported by the correlation between body mass and work 
performed in Erg (r = 0.76, p < 0.05). In OW however, it was found that both peak 
absolute and peak relative VO2 were significantly correlated with distance 
covered in the trial (r = 0.79, p < 0.05; r = 0.67, p < 0.05 respectively), though the 
relationship was stronger when VO2 was expressed in absolute terms. This 
supports the previous findings of Fry and Morton (1991) and suggests that 
although open water kayaking performance is not correlated with a greater body
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mass, the kayaker can be of considerable size without compromising 
performance. However, an increased body mass of the kayaker will result in an 
increased hull wetted area and therefore frictional drag (Jackson, 1995), thereby 
increasing the resistance that must be overcome to propel the kayak. On the 
ergometer however, all subjects must overcome the same resistance in order to 
perform work, irrespective of body mass; thus increased body mass in no way 
compromises kayak ergometry performance.
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4.7 S ummary  and  Co nclusions
The results of this two part investigation have highlighted the physiological 
responses to supramaximal kayak ergometry and to short term, high intensity 
kayaking. In addition, it has been shown that the K1 ERGO demonstrates a high 
degree of reproducibility in the assessment of supramaximal performance.
Further, the ergometry system was found to accurately simulate the physiological 
demands of four minutes of high intensity kayaking. Therefore it was concluded 
that this apparatus provides a reliable and valid means for the physiological 
assessment of flatwater kayakers. This shows that the present ergometer may be 
used to identify inter-individual, and intra-individual differences over time, in 
physiological parameters and specific performance.
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C hapter  5
Performance Prediction  for  200 m S print
Kayak  Racing
5.1 In tro d u ctio n
The physiological assessment of an athlete may be made to identify an 
individual’s relative strengths and weaknesses, to monitor training progression 
and therefore evaluate the efficacy of a physical training programme, and may 
serve to educate both the coach and athlete (MacDougall and Wenger, 1991).
The measurement of the physical characteristics of top-level performers may also 
assist in determining the anthropometric and physiological qualities that influence 
performance within a particular sporting discipline (Craig et al., 1993). In addition, 
the relationship of these attributes with specific performance can serve to identify 
the relative importance of these characteristics, and can therefore be instrumental 
in the prescription of physical training programmes.
There has been much literature investigating the relationships between laboratory 
determined factors and performance in a variety of endurance sports including 
cycling (Krebs etal., 1986; Craig etal., 1993), rowing (Krameref a/., 1994; 
Cosgrove etal., 1998), distance running events (Yoshida etal., 1990; Brandon 
and Boileau, 1992; Grant etal., 1997), speed skating (van Ingen Schenau etal., 
1996), and triathlon (Miura etal., 1997; Zhou etal., 1997). Whilst there has been 
less focus on shorter duration, high intensity events, the identification of 
performance influencing factors has been made in sports such as alpine skiing 
(White and Johnson, 1991), 100 m sprint running (Meckel etal., 1995), the 500 m 
and 1,000 m sprint kayak events (Logan, 1990; Fry and Morton, 1991) and slalom 
canoeing/kayaking (Kearney et al., 1994). To date however, there has been no 
published literature describing the physical characteristics of 200 m sprint 
kayakers, and the relationship of these factors with performance.
van Ingen Schenau et al. (1996) have stressed the value of identifying 
performance influencing factors in highly trained groups of similar standard 
athletes. If this can be achieved, the coach may be provided with important 
information regarding the essential qualities for successful performance.
However, many of the investigations into the performance influencing factors in
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sports events have been carried out within relatively heterogeneous groups (van 
Ingen Schenau etal., 1996). This has often clearly identified the physical 
attributes that are highly related with performance; however, when more 
homogenous groups have been examined, relatively weak relationships with 
performance have been found (Powers etal., 1983; Morgan etal., 1989). This 
therefore limits the validity of performance prediction in relatively homogeneous 
groups, and fails to clarify which physiological variables must be stressed in high- 
level physical training programmes.
Therefore the principal aim of this study was to investigate the anthropometric and 
physiological characteristics of 200 m kayakers, of a range of abilities. In 
addition, this study sought to determine the influence of these attributes on 
performance, and therefore predict 200 m performance for a heterogeneous 
subject group. Further, the relationship between these characteristics and 
performance within a relatively homogeneous group of elite paddlers was 
investigated. Finally, the ability of these anthropometric and physiological 
measurements to discriminate between disparate standard paddlers has been 
investigated.
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5.2 Materials  and  M ethods
Ethical  C o nsiderations  All experimental procedures were approved by the St. 
Mary’s Ethics Committee for Teaching and Research. Prior to participation, and 
having been fully informed of the nature of the investigation, all subjects 
completed a pre-test health screening questionnaire and provided written 
informed consent. The questionnaire and consent form are provided in 
appendices 3 and 4, respectively.
S ubjects  A total of 39 subjects volunteered to participate in this study. All 
subjects had been training and competing in sprint kayak racing for at least two 
years. Subjects were divided into three ability groups of elite, intermediate and 
lower, according to their national ranking. Senior male competitors are ranked in 
four divisions for national racing events. All subjects in the elite group (n = 13) 
were ranked in the top national division and had represented Great Britain at 
international competition. Subjects in the intermediate group (n = 13) were all of 
high club standard and were ranked in the top two divisions for national 
competition. The lower group (n = 13) comprised athletes of moderate club 
standard, who were ranked in divisions two and three for national competition.
The ages (mean ± S.D.) of the three groups were 26 ± 5 years for the elite, 25 
± 6 years for the intermediate and 27 ± 7 years for lower ability group.
Pr o c ed u r es  Each subject was required to visit the laboratory on three separate 
occasions, 3 - 7  days apart, during the competitive racing season. The first visit 
was to allow the subject to be familiarised with the equipment and procedures to 
be used. During the second and third visits, each of which followed a 24 hr period 
of restricted physical training, subjects performed a battery of anthropometric and 
physiological tests. Appendix 5 provides an outline of the time plan and structure 
of these testing sessions, which were conducted at the same time of day on the 
two occasions.
I l l
Illustration 3 Anthropometric, physiological and dynamometric assessment.
All physiological tests were preceded by at least 5 min of warm-up on the kayak 
ergometer, and followed by at least a 5 min cool-down period of passive recovery 
on the ergometer. All ergometry tests were performed on the K1 ERGO kayak 
ergometer, fitted with the fan restrictor supplied by the manufacturer, to decrease 
the braking effect upon the flywheel and thus more accurately simulate open 
water kayaking. The ergometer was interfaced with a computer for the 
measurement of performance data.
Expired air was collected during two of the ergometry tests, and measured via an 
on-line gas analysis system (Oxycon Alpha, Mijnhardt b.v.. The Netherlands) for 
the elite and intermediate groups, and using an alternative system for the lower 
ability group (Covox, Fitness Research Systems Ltd., U.K.). The two systems 
were compared for the measurement of oxygen consumption during a later 
experiment. This provided a regression equation by which the lower ability group 
data were corrected for comparison with that of the elite and intermediate groups; 
details of this are provided in Appendix 6. The Oxycon Alpha system was 
calibrated prior to each trial using a calibration gas of 16% oxygen and 5% carbon 
dioxide, and ambient air. The Covox was calibrated using a calibration gas of 5% 
carbon dioxide and ambient air. The flow transducer and pneumotachograph of 
the systems were calibrated using a 3 L syringe.
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Blood lactate concentrations were measured during or after all ergometry tests 
using capillarised earlobe, whole blood samples via an Analox P-GM7 lactate 
analyser (Analox Instruments, Hammersmith, U.K.). The analyser was calibrated 
using an 8 mmol L"^  standard for the supramaximal ergometry tests, and using a 
3 mmol L'^  standard for the incremental exercise test. For the trials in which the 
peak blood lactate concentration was examined, post-exercise blood samples 
were collected at two minute intervals until a decrease in the lactate concentration 
was observed. In addition, heart rate was measured and recorded every 5 sec 
during the tests using short wave telemetry (Accurex Plus, Polar GY, Finland).
200 M Kayaking  T rial All subjects performed a 200 m performance trial over a 
measured flatwater course. Elite and intermediate group subjects performed their 
trial under race conditions at a national ranking event. On a separate occasion, 
all subjects in the lower ability group performed their 200 m trial under simulated 
race conditions.
A nthro pom etric  M easurem ents
Bo dy  S ize Body mass, stature and sitting height were measured using a 
stadiometer and balance scales (Avery, Birmingham), which was calibrated before 
and after the completion of the test batteries. Subjects removed shoes and all 
clothing other than shorts for these measurements. Sitting height was measured 
with the subject in a seated position as erect as possible. Arm span was 
measured using a metal anthropometric tape, between the distal ends of the third 
fingers, with subjects stood with their chest against a wall and outstretched arms 
in a horizontal plane.
Bo d y  C om position  Body composition was assessed via the measurement of 
skinfold thicknesses at four sites of the biceps, triceps, subscapular and suprailiac 
on the right side of the body. Three repeat measurements were made at each site 
using skinfold calipers (Harpenden, British Indicators Ltd., St. Albans), calibrated
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prior to testing, using engineering calibration blocks (Mitutoyo, Japan). The mean 
of the repeat measurements was calculated as the skinfold thickness. A high 
reproducibility was found for the assessment of skinfold thickness, with a 
coefficient of variation (mean ± S.D.) of 3.6 ± 3.1 % for intra-tester reliability. Body 
density was calculated using the equation of Durnin and Womersley (1974), thus 
allowing for the calculation of lean body mass and body fat using the Siri 
equation.
G irth M easurem ents  Girth measurements of the upper arm, forearm and calf 
were made on the right hand side of the body using a metal anthropometric tape. 
For the measurement of the upper arm, subjects raised their arm to a horizontal 
position, and supinated the palm. The upper arm girth was measured at the 
midacromial-radial point with the tape placed perpendicular to the long axis of the 
upper arm. In addition, subjects were asked to flex the arm and perform a 
maximal contraction of the upper arm; the circumference at the point of maximum 
girth was measured. The forearm girth was measured with the elbow slightly 
flexed and the palm supinated. The point of maximum girth was identified and 
measured with the anthropometric tape placed perpendicular to the long axis of 
the lower arm. Subjects were asked to tense the forearm and again the maximum 
girth was measured. The circumference of the calf was measured at the point of 
greatest girth with the anthropometric tape placed perpendicular to the long axis 
of the limb. Chest circumference was measured at the perimeter of the 
mesosternale at the end of normal respiration. Repeat measurements of these 
girths provided a coefficient of variation (mean ± S.D.) of 2.3 ± 1.7%, thus 
demonstrating a high degree of intra-tester reliability.
Bo ne  Breadths The breadths of the femur and humerus were measured in the 
elite and intermediate group subjects; however these were not measured in the 
lower ability group due to an unavailability of bone calipers. Subjects raised their 
arm to the horizontal and flexed the elbow to an angle of 90 degrees, with the 
palm supinated. The humeral breadth at the medial and lateral epicondyles was
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measured using bone calipers (Holtain, U.K.), also calibrated prior to testing using 
engineering calibration blocks (Mitutoya, Japan). The coefficient of variation 
(mean ± S.D.) for repeat measures of humeral breadth was 1.9 ± 0.9%, 
demonstrating a high level of intra-tester reliability. With the subject seated and 
the knee flexed to an angle of 90 degrees, the femoral breadth at the medial and 
lateral epicondyles was measured using the bone calipers. Repeat measures of 
the femoral breadth provided a coefficient of variation of 1.6 ± 0.7%.
SOMATOTYPING The Heath-Carter procedure was employed to determine 
somatotype ratings of ectomorphy, mesomorphy and endomorphy in the elite and 
intermediate group subjects. This procedure took account of the measures of 
body mass, stature, skinfold thicknesses, humeral and femoral breadths, and calf 
girth. Since bone breadths were not measured in the lower ability group, it was 
not possible to calculate somatotype ratings for these subjects.
Physiological M easurem ents
Pulm onary  Function  A micro-spirometer (Micro Plus, Micro Medical Ltd., 
Rochester) was used for the measurement of forced vital capacity (FVC), forced 
expiratory volume in one second (FEVi), the forced expiratory ratio (FER), and 
peak expiratory flow (REF). The micro-spirometer was calibrated against an 
ergospirometer (Oxycon Alpha, Mijnhardt b.v.. The Netherlands) which had been 
previously calibrated using a 3 L syringe. Subjects wore a nose clip, and 
following a maximal inspiration, performed a maximal expiration through the 
micro-spirometer. Three trials were performed, the mean of which was taken as 
the measurement. The repeated trials provided coefficients of variation (mean 
± S.D.) of 2.7 ± 1.7% for the measurement of FVC, 2.2 ± 1.9% for FEVi, and 2.3 
± 1.5% for PEF. All of these demonstrated a high degree of reliability for the 
assessment of pulmonary function.
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Cardio respirato ry  A s sessm en t  Subjects performed a discontinuous, 
incremental step test on the kayak ergometer. The test consisted of exercise 
bouts of 4 min, separated by 30 sec pauses for the collection of blood samples to 
determine blood lactate concentrations. Throughout the test, heart rate was 
monitored and expired air was collected and analysed on-line. The test was 
commenced at a work rate of 80 Watts and increased by 20 Watts at each stage 
until a blood lactate concentration of 4 mmol L'^  or more was observed.
Thereafter, subjects completed a continuous 1 min step test until exhaustion, for 
the determination of peak oxygen consumption ( V0 2 peak) and maximal aerobic 
power (MAP), defined as the highest power output achieved over a 1 min period. 
Following the test, blood lactate concentrations were plotted against power 
outputs for visual inspection by two independent reviewers. From these plots, the 
lactate threshold (Tac), defined as the work rate at which a rapid increase in the 
concentration of blood lactate began, was identified. The power output, and the 
rate of oxygen consumption at Tac were identified and expressed relative to MAP
and V02peak, respectively. In addition, second order polynomial curves were fitted 
to the data sets, to allow the calculation of the power output at the fixed blood 
lactate concentrations of 2 mmol (2 FBLC) and 4 mmol (4 FBLC).
C ritical Po w e r  (CP) and  A naerobic  W o r k  Capacity  (AW C) The critical power 
concept was first described by Monod and Scherrer (1965), and is based upon the 
relationship between work capacity and time to exhaustion (Clingeleffer et al., 
1994), which has been shown to be highly linear (Housh eta!., 1990; Jenkins and 
Quigley, 1991). The slope of this regression represents critical power, which has 
been described as the maximal work rate that can be sustained without fatigue 
(Monod and Scherrer, 1965). The regression constant, or y-intercept of this 
relationship, has been proposed to represent the anaerobic work capacity (Hill 
and Smith, 1993). Clingeleffer at ai. (1994) demonstrated that CP and AWC could 
be accurately determined in elite kayakers, completing only two exercise tests. 
Using this procedure, Romer at a/. (1998) showed that CP was a valid estimation 
of the maximum lactate steady state in well trained kayakers.
116
Subjects performed exercise tests of 2 min and 10 min duration on the kayak 
ergometer, on two separate occasions. The aim of each test was to complete as 
much work as possible within the time period. Regression equations were 
calculated to provide measures of CP and AWC. Heart rate was recorded 
throughout the tests and post-exercise blood lactate concentrations were 
determined.
Modified W ingate Anaerobic T e s t (WANT) Subjects performed a modified 
Wingate Anaerobic Test on the kayak ergometer, as described in Chapter 4. 
Performance data from the all-out 30 sec ergometry test were used to measure 
peak power (WAnT PP), the total work performed (WAnT work), and the fatigue 
index (WAnT FI). Heart rate and the peak post-exercise blood lactate 
concentration (WAnT La) were determined as previously described.
A ccum ulated  Oxyg en  D eficit Medbo et al. (1988) described a procedure for the 
measurement of the maximal accumulated oxygen deficit (MACD) which they 
proposed as a valid measure of the anaerobic capacity. The MACD represents 
the difference between the oxygen cost of supramaximal exercise and the oxygen 
consumption during such exercise. If at the end of the supramaximal exercise 
trial, the oxygen cost still exceeds the oxygen consumption, then the anaerobic 
capacity is not exhausted, and therefore the deficit is referred to as the 
accumulated oxygen deficit (ADD).
The regression of oxygen consumption and power output data from the 
incremental ergometry test was calculated, thus allowing for the prediction of 
oxygen cost during supramaximal exercise. The 2 min test that was performed for 
the determination of CP and AWC was also used for the determination of AOD. 
Expired air was continuously analysed during the 2 min test via an on-line system, 
and heart rate and post-exercise blood lactate concentrations determined as 
described previously. The regression of oxygen consumption and power output 
was then applied to the power output measured in the 2 min trial, to estimate the 
oxygen cost. The difference between this estimated oxygen cost and the actual
117
oxygen consumption was calculated as the AOD. A high degree of reliability for 
the measurement of AOD during kayak ergometry has been shown by Terrados et 
al. (1991), with test-retest correlation coefficients of r = 0.98.
Stren g th  AND Po w er  A sses sm en t  An isokinetic dynamometer (Cybex II, Lumex 
Inc., New York) interfaced with a computer programme (HUMAC®, Computer 
Sports Medicine Inc., Massachusetts) was employed for the assessment of the 
isometric and isokinetic strength and power characteristics of subjects. The 
calibration performed for the dynamometer comprised calibrations of the 
programme timer, and the position and torque channels of the dynamometer. The 
dynamometer was positioned to allow the subjects to simulate a kayak stroke, 
thus performing trunk rotation, shoulder extension and elbow flexion in one 
motion, to exert a pulling force in the horizontal plane.
Following a warm-up of submaximal contractions and stretching, subjects 
completed a series of maximal isometric contractions on their dominant side, for 
which maximal torque was measured. These were performed at positions of 70, 
55, 40, 25, 10 and 0 degrees through the simulated kayak stroke. The angle of 
70 degrees corresponded to the subject being in a fully extended position, as at 
the start of the kayak stroke, and 0 degrees corresponded to the back of the 
stroke. Subjects then performed three repetitions of maximal isokinetic 
contractions through the complete movement, on their dominant side, at velocities 
of 90, 150, 210, 270 and 300 deg sec'\ during which torque and power were 
measured. The highest measures of isometric torque (IT) and isokinetic power 
(IP) achieved in each trial were used in the statistical analyses. Repeated 
measurements of isokinetic dynamometry provided a coefficient of variation 
(mean ± S.D.) of 5.2 ± 4.5% for the measurement of IT, and 6.8 ± 6.4% for the 
measurement of IP during upper body exercise.
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Statistics  All results are presented as mean ± S.D. values. The 200 m 
performance time of the elite, intermediate and lower ability groups were 
compared using a one way analysis of variance and follow-up Tukey’s HSD tests. 
Differences in each of the anthropometric and physiological characteristics of the 
three groups were also analysed using a one way analysis of variance, with 
follow-up Tukey’s HSD tests. The measurements for which there were data for 
only two groups, were analysed using independent samples t-tests. The 
relationship of the anthropometric and physiological parameters with 200 m 
performance was analysed using Pearson product moment correlation 
coefficients. In addition, correlation coefficients for the elite group subjects were 
calculated to determine the association of these variables with performance in a 
homogeneous group. Anthropometric and physiological data were then entered 
into stepwise multiple regression models to predict 200 m performance time for all 
subjects. This procedure involved the use of F-tests to determine whether a 
variable enters the prediction model, followed by a t-test to determine whether that 
variable remains in the model. Therefore, only those variables which significantly 
increased the prediction power remained in the regression model. This is in 
contrast to some other procedures in which variables are included in a model if 
they simply increase the value, or decrease the standard error of estimate. 
Further, stepwise discriminant function analysis was employed to identify which 
anthropometric and physiological variables could discriminate between the three 
ability groups. A significance level of p < 0.05 was selected prior to all analyses.
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5.3 R esults
200 M Kayaking  Perform ance  The results of the 200 m performance trials for 
the three subject groups are provided in Table 14. There were significant 
differences in the group mean times of 39.9 ± 0.8 sec for the elite, 42.6 ± 0.9 sec 
for the intermediate and 46.3 ± 2.8 sec for the lower ability groups (F = 43.02, 
p < 0.001). Follow-up tests revealed significant differences in 200 m performance 
time between the elite and the intermediate groups, between the elite and the 
lower ability groups and between the intermediate and lower ability groups 
(p < 0.05).
Table 14 Mean (± S.D.) 200 m sprint kayaking performance of the three ability groups.
Elite (n = 13) Intermediate (n = 13) Lower (n = 13)
200 m time (sec) 39.9 ± 0.8 42.6 ± 0.9  ^ 46.3 ± 2.8
* significantly different to Intermediate,  ^significantly different to Lower, p < 0.05
A nthro pom etric  M easurem ents  The results of the anthropometric 
measurements and the differences between the elite, intermediate and lower 
ability group subjects are provided in Table 15.
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Table 15 Anthropometric characteristics (mean ± S.D.) of elite, intermediate and lower 
ability subjects.
Elite (n = 13) Intermediate (n = 13) Lower (n = 13)
Body mass (kg) 84.5 ± 4.9 * 79.9 ± 7.8 76.4 ± 8.2
Stature (cm) 182.9 + 5.6 182.4 ±5.5 179.9 ±6.2
Sitting height (cm) 95.8 ± 2.9 94.4 ± 2.6 94.1 ±2.9
Arm span (cm) 191.0 ±8.3 191.4 ±7.1 186.3 ±7.1
Sum of 4 skinfolds (mm) 31.6 ±9.5 30.8 ±11.9 26.4 ± 5.3
Body fat (%) 14.1 ±2.9 12.9 ±3.6 12.1 ±2.3
Lean body mass (kg) 72.5 ±3.9 69.5 ± 4.9 67.0 ± 6.4
Girth Measurements
Upper arm (cm) 32.3 ±1.7 30.4 ± 1.9 30.9 ±2.1
Upper arm, tensed (cm) 36.9 ±1.3* 35.2 ±2.1 34.4 ± 2.2
Forearm (cm) 30.3 ±1.1* 28.9 ± 1.2 27.9 ±3.3
Forearm, tensed (cm) 31.3 ±1.1** 29.8 ±1.5 29.5 ±1.4
Chest (cm) 106.9 ±2.4 ** 101.7 ±5.1 98.6 ± 5.3
Calf (cm) 38.9 ± 1.5 37.3 ±2.7 N/A
Bone Breadths
Humerus (cm) 7.6 ± 0.2 * 7.2 ± 0.3 N/A
Femur (cm) 10.0 ±0.4* 9.8 ± 0.3 N/A
Somatotvne
Endomorphy 2.6 ± 0.8 2.6 ± 1.1 N/A
Mesomorphy 4.9 ± 0.9 * 4.0 ±1.3 N/A
Ectomorphy 2.1 ±0.7 2.7 ±1.4 N/A
* significantly different to Intermediate;  ^significantly different to Lower, p < 0.05
Table 15 illustrates that body mass, tensed upper arm girth, forearm girth, tensed 
forearm girth and chest circumference were significantly greater in the elite group 
than the lower ability group. In addition, the elite group displayed significantly 
greater tensed forearm and chest girths than the intermediate group. The 
humeral and femoral breadths, which were measured in the elite and intermediate 
groups only, were both greater in the elite. The rating of mesomorphy displayed
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by the elite paddlers was also significantly greater than that of the intermediate 
group. Although no other significant differences were observed in the 
anthropometric attributes of the three ability groups, Table 15 shows that the elite 
group exhibited the highest values for all measures except arm span and the 
ectomorphy rating, which were both greater in the intermediate group. No 
differences were found in any of the anthropometric attributes between the 
intermediate and lower ability groups.
T he R elationship  of A nthro pom etric  Attr ib u tes  w ith  Perform ance  Many 
relationships were found between the anthropometric variables and 200 m 
performance for the 39 subjects. Performance time was found to be significantly 
correlated with body mass (r = -0.49, p < 0.01), lean body mass (r = -0.44, 
p < 0.01), the sum of skinfolds (r = -0.35, p < 0.05) and body fat percentage 
(r = -0.33, p < 0.05). Although these correlations were not particularly strong, they 
do provide further evidence that the better 200 m kayakers tended to be of greater 
body mass and exhibit relatively high levels of body fat when compared to the less 
accomplished performers. For the girth measurements, significant relationships 
with 200 m time were found for the flexed and tensed upper arm (r = -0.51, 
p < 0.01), the relaxed forearm (r = -0.51, p < 0.01), the tensed forearm (r = -0.41, 
p < 0.05) and the chest (r = -0.63, p < 0.001). These were again all inverse 
relationships, demonstrating that the kayakers who performed better over 200 m, 
exhibited relatively large upper body dimensions. Further, when humeral breadth 
was correlated with the performance time of the elite and intermediate subjects in 
which this measure was taken, a significant relationship was found (r = -0.61, 
p < 0.01). These and all other correlations between anthropometric measures 
and 200 m performance are provided in Appendix 7.
A nthro po m etric  C haracteristics  and  Perform ance  in Elite G roup
Relationships of anthropometric parameters with 200 m performance time were 
also investigated for the elite group alone. This served to highlight the relative 
importance of anthropometric factors within a homogeneous group of high level 
performers. The results showed that the sum of skinfolds (r = -0.76, p < 0.01), the
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percentage body fat (r = -0.72, p < 0.01) and the endomorphy rating (r = -0.67, 
p < 0.05) were significantly correlated with 200 m performance time. These all 
demonstrated an inverse relationship with performance time, indicating that the 
better kayakers within the elite subject group demonstrated relatively high levels 
of adiposity. The only other variable that was correlated with 200 m time in this 
group was humeral breadth (r = -0.76, p < 0.01), see Appendix 7.
Perform ance  Prediction  Using  A nthro po m etric  Variables  Stepwise multiple 
linear regression analysis was employed to produce a model for the prediction of 
200 m performance using the anthropometric measurements. The attributes that 
were significantly correlated with 200 m performance were entered into the 
regression model, the results of which are shown in Table 16. The only measure 
that significantly contributed to the prediction of performance was chest 
circumference, which was the variable most highly related to 200 m performance.
Table 16 Multiple linear regression for anthropometric measures.
Variable Multiple R Adjusted SEE. F ratio T ratio
Chest
circumference
0.625 0.373 2.44 F = 22.43
p < 0.001
T = -4.74
p< 0.001
Table 16 shows that chest circumference accounted for 37.3% of the variance in 
200 m performance time between subjects, with a standard error of prediction of 
2.4 sec. The regression equation produced by this model was:
200 m time (sec) = -0.3461 (chest circumference) + 78.543
The addition of any other anthropometric measure into the regression model 
failed to significantly increase the predictive power and were therefore excluded.
Physiological M easurem ents  The results of selected physiological 
characteristics that were measured and the differences between the three subject 
groups are provided in Table 17.
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T a b l e  17 Physiological characteristics (mean ± S.D.) of subjects in three ability groups.
Elite (n = 13) Intermediate (n = 13) Lower (n = 13)
Pulmonary function
FVC(L) 6.31 ±0.67* 5.99 ± 0.64 * 5.06 ± 0.52
FEVi(L) 5.32 ± 0.60 * 4.87 ± 0.57 * 4.11 ±0.60
PER (%) 84.1 ±6.8 81.0 ±5.7 81.0 ± 12.2
PEE (Lmin^) 759.3 ± 94.3 * 688.2 ± 82.2 614.1 ± 111.4
Aerobic narameters
VOipeak (L min )^ 4.45 ± 0.55 4.25 ± 0.35 4.17 ±0.51
VOipeak (ml 1% +) 52.6 ± 4.9 * 54.5 ± 5.6 54.6 ± 4.7
MAP (Watts) 250.5 ±31.5* 229.1 ± 19.9 186.1 ±23.3
Tiac (Watts) 167.3 ±18.5* 161.8 ±16.6* 129.6 ± 29.3
Tiac (%V02peak) 80.5 ± 5.6 82.9 ±3.9 77.4 ± 6.6
T,ac(%MAP) 67.7 ±3.9 70.6 ±3.5 69.2 ± 15.5
2 FBLC (Watts) 152.7 ± 19.9* 139.2 ±28.0 117.5 ±28.0
4 FBLC (Watts) 185.7 ± 17.7* 168.9 ± 18.9 152.5 ±21.8
10 min work (kJ) 121.5 ±21.1 * 110.1 ±14.1 96.3 ±11.1
CP (Watts) 172.6 ±36.2* 163.9 ±24.1 143.9 ± 16.1
Anaerobic narameters
WAnT PP (Watts) 615.1 ±81.5 ** 476.9 ± 72.3 408.6 ±63.3
WAnT work (kJ) 15.29 ± 1.63 ** 12.23 ±1.62 10.16 ± 1.23
WAnT FI (%) 34.7 ± 8.9 * 28.4 ± 6.8 26.1 ±8.1
WAnT La (mmol L^) 8.6 ±1.4* 7.5 ±1.5 6.5 ± 1.6
2 min work (kJ) 37.3 ± 4.4 ** 32.6 ±3.9 26.4 ± 2.6
2 min La (mmol L^) 9.4 ± 0.9 9.4 ±1.8 8.6 ± 1.3
AWC(kJ) 16.7 ±1.8 ** 12.9 ±3.4 9.1 ± 1.7
AOD (ml O2 Eq %^) 51.8 ±9.6 45.9 ± 14.4 42.4 ± 4.9
Dynamometry
IT (N m )^ 450.8 ± 77.3 ** 395.2 ±43.6 353.7 ±35.5
IP (Watts) 721.2 ±104.4 ** 610.9 ± 127.3 598.5 ±92.1
* significantly different to Intermediate, significantly different to Lower, p < 0.05. 
IT, peak isometric torque; IP, peak isokinetic power.
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Table 17 indicates that for almost all physiological measures, the greatest values 
were displayed by the elite group, followed by the intermediate group, with the 
lowest values exhibited by the lower ability group. The only exceptions to this
trend were VOzpeak normalised for body mass, Tac expressed as a percentage of 
V02peak, and Tac expressod as a percentage of MAP, which were all greatest in 
the intermediate group. Many of the pulmonary, aerobic, anaerobic and 
dynamometric parameters were found to be significantly different between the 
ability groups, as shown in Table 17. These results show that more accomplished 
200 m paddlers exhibit greater physiological capacities for aerobic and anaerobic 
energy production, and for the expression of muscle strength and power.
T he R elationship  of  P hysiological  A ttributes  and  Perform ance  Correlation 
coefficients calculated between the physiological variables and performance for 
all 39 athletes, demonstrated a number of significant relationships. The 
pulmonary function parameters of F VC, FEVi and REF all showed moderate 
relationships with 200 m performance time (r = -0.48, p < 0.01 ; r = -0.46, p < 0.01 
and r = -0.39, p < 0.05, respectively). These inverse relationships suggest that 
200 m kayaking performance is related to lung volume and pulmonary function.
Of the aerobic parameters measured, MAP was found to be significantly related to 
200 m performance time (r = -0.65, p < 0.001). In addition, the power output that 
the subjects could achieve at Tac was correlated with performance time (r = -0.72,
p < 0.001) as was the % V02peak at which Tac occurred (r = -0.37, p < 0.05). These 
inverse relationships demonstrated that the more accomplished 200 m kayakers 
possessed a greater maximal aerobic power output and could achieve a higher 
power output and percentage of their V02peak at their lactate threshold. The power 
outputs achieved, during the incremental ergometry test, at 2 FBLC and 4 FBLC 
were also correlated with 200 m time (r = -0.51, p < 0.01 and r = -0.62, p < 0.01, 
respectively), therefore showing a relationship between 200 m performance and 
the ability to achieve high work rates at given blood lactate concentrations. The 
total work achieved in the 10 min ergometry test and CP both showed marginal 
inverse relationships with performance time (r = -0.49, p < 0.01 and r = -0.39,
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p < 0.05, respectively), showing that these aerobic parameters were superior in 
the more successful paddlers. The expression of these measures relative to body 
mass yielded weaker relationships with performance.
Of the anaerobic parameters measured a number were found to be related to 
performance. The modified Wingate test provided WAnT PP and WAnT work, 
which were highly correlated with 200 m time (r = -0.76, p < 0.001 and r = -0.80, 
p < 0.001, respectively), illustrating a relationship between performance and the 
ability to produce high rates and amounts of anaerobic energy. The importance of 
a high capacity for anaerobic energy production is supported by a relationship 
between WAnT La and 200 m performance time (r = -0.47, p < 0.01). The WAnT 
FI measured during the modified WAnT was also correlated with performance 
time (r = -0.43, p < 0.01), thus the better kayakers were characterised by high 
peak power outputs and a relatively high decrease in power output throughout the 
30 sec test. The total work in the 2 min ergometry test, the AOD and the AWC 
were all correlated with 200 m time (r = -0.77, p < 0.001; r = -0.36, p < 0.05, and 
r = -0.76, p < 0.001, respectively). These inverse relationships provide further 
evidence of 200 m performance being related to the capacity of the individual to 
produce anaerobic energy. For all these anaerobic parameters, the strength of 
relationship with performance was reduced when expressed relative to body 
mass.
Relationships were also found between performance and the strength and power 
attributes measured using isokinetic dynamometry. The measures of IT and IP 
were moderately correlated with 200 m performance time (r = -0.54, p < 0.001 and 
r = -0.44, p < 0.01, respectively). However, when these measures were 
normalised for body mass, the strength of relationship between IT and 
performance time was reduced (r = -0.39, p < 0.05) and IP was not correlated with 
performance. These results indicate that more successful 200 m kayakers 
possess higher levels of absolute muscular strength and power. These 
relationships and all other correlation coefficients between the physiological 
variables and 200 m performance are provided in Appendix 7.
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Physiological  V ariables  and  Perform ance  in E lite G roup  The relationship of 
physiological factors with performance was also determined for the elite group to 
identify the influence of such factors on performance in a relatively homogeneous 
group of high-level athletes. In terms of pulmonary function, FEVi was 
significantly related with 200 m time (r = 0.72, p < 0.01). However, this positive 
relationship contradicts the relationship shown for all subjects, and demonstrates 
that the better kayakers in the elite group had a relatively poor dynamic 
pulmonary function, as measured by FEVi. The only aerobic parameter that was 
significantly related to performance time was V0 2 peak, normalised for body mass 
(r = 0.54, p < 0.05). Similarly, this positive correlation represents an association 
between superior 200 m performance and a relatively low V0 2 peak in relation to 
body mass. Of the anaerobic and dynamometric parameters measured, no single 
variable was significantly correlated with performance in the elite subject group; 
see Appendix 7.
Perform ance  Prediction  Using  Physiological  V ariables  Two models were 
generated using stepwise multiple linear regression analysis for the prediction of 
200 m performance prediction from physiological measures. The first model was 
developed using the pulmonary function and aerobic parameters, and the second 
comprised the anaerobic and dynamometric parameters. In each case, the 
physiological measurements that were significantly correlated with 200 m 
performance were entered into the regression models. Table 18 shows the 
results of the regression analysis using the pulmonary function and aerobic 
parameters.
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Table  18 Multiple linear regression for aerobic and pulmonary function measures.
Variable Multiple R Adjusted R^ SEE. F ratio T ratio
Tac power 0.744 0.554 F = 28.52 T = -4.47
p < 0.001 p< 0.001
FVC 0.833 0.666 1.79 F = 24.89 T = -3.17
p< 0.001 p< 0.001
This regression demonstrated that the power output at Tac and FVC were effective 
in the prediction of 200 m performance time, together accounting for 66.6% of the 
variance in performance. This provided a regression equation of:
200 m time (sec) = -0.067(threshold power) - 1.507(FVC) + 61.865
with a standard error of prediction of 1.8 sec. The addition of any other 
pulmonary function or aerobic parameter failed to significantly increase the 
predictive power of the analysis. This illustrates that of all the aerobic variables 
measured in these 39 subjects, only power output at Tac and FVC were effective 
for the prediction of 200 m performance.
The results of the regression model developed to predict performance, using the 
anaerobic and dynamometric variables, are shown below in Table 19.
Table 19 Multiple linear regression for anaerobic and dynamometric measures.
Measure Multiple R Adjusted R^ SEE. F ratio T ratio
WAnT work 0.803 0.634 1.89 F = 58.06
p < 0.001
T = -7.17
p< 0.001
Analysis of the anaerobic and dynamometric variables measured, showed that 
only the total work done in the modified WAnT was effective in the prediction of 
200 m performance, accounting for 63.4% of the variance in performance time 
between subjects, providing a regression equation of:
200 m time (sec) = -0.956(WAnT work) + 55.111
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with a standard error of prediction of 1.9 sec. The addition of any other anaerobic 
or dynamometric parameter failed to significantly increase the power of the 
regression model.
A final regression model was developed using all of the anthropometric and 
physiological variables that were effective in the prediction of 200 m performance 
in the above models (i.e. chest circumference, power output at Tac, FVC and 
WAnT work). The results of this regression model are presented in Table 20.
Table  20 Multiple linear regression for anthropometric and physiological measures.
Measure Multiple R Adjusted R^ S.E.E. F ratio T ratio
Tiac power 0.788 0.621 F = 49.07 T = -3.23
p <  0.001 p<0.01
WAnT work 0.849 0.702 1.70 F = 37.47 T = -3.71
p < 0.001 p < 0.001
Table 20 demonstrates that of the variables entered into this model, only power 
output at Tac and WAnT work significantly contributed to the prediction of 200 m 
performance. Together these variables accounted for 70.2% of the variance in 
200 m time with a standard error of prediction of 1.7 sec, and provided a 
regression equation of:
200 m time (sec) = -0.047(threshold power) - 0.617(WAnT work) + 58.018
The addition of chest circumference and FVC, which were included in the 
previous regression models, failed to significantly increase the predictive power of 
this analysis.
D iscriminant Function  A nalysis Finally, stepwise discriminant function analysis 
was employed to determine which of the anthropometric and physiological 
variables could effectively discriminate between subjects of the three ability 
groups. Those variables that predicted 200 m performance in the stepwise 
multiple regression models were entered into the analysis (i.e. chest
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circumference, power output at Tac, FVC and WAnT work). The results of the 
discriminant function analysis are given in Table 21.
Table  21 Discriminant fonction analysis for 200 m ability groups.
Univariate F-ratios: Threshold power F = 10.685, p <  0.001
WAnT work F = 34.805, p <  0.001
Chest circumference F= 8.154, p <  0.01
FVC F = 23.767, p <  0.001
Function analysis: Wilks’ Lambda: 0.2408, p < 0.001
Percentage of group variability explained by function: 96.8%
Standardised discriminant fonction coefiScients: WAnT work: 0.728
FVC: 0.482
Classification results:
Predicted group membership
Actual group No. of cases Elite Intermediate Lower
Elite
Intermediate
Lower
13
13
13
84.6% (11) 
15.4% (2) 
0.0% (0)
7.7% (1) 
69.2% (9) 
23.1% (3)
7.7% (1) 
15.4% (2)
76.9% (10)
Percent of grouped cases correctly classified: 76.9%
Table 21 illustrates that WAnT work and FVC could together, effectively 
discriminate between the groups, accounting for 96.8% of the inter-group 
variability. However, the addition of the power output at Tac and chest 
circumference failed to significantly increase this discriminant function. For the 
elite group, this function could accurately predict group membership in 84.6% 
cases, or for 11 of the 13 subjects. The accuracy of discrimination was lowest for 
the intermediate group, in which 69.2%, or 9 of the 13 subjects were correctly 
classified. In the lower ability group, 76.9%, or 10 of the 13 members were
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accurately classified by this function. The results show that of all subjects, 76.9% 
could be correctly classified in terms of group membership, by the variables 
WAnT work and FVC alone.
131
5.4 D iscussion
One of the outcomes of this study has been to highlight the anthropometric and 
physiological attributes of 200 m kayakers, and the differences in these between 
three subject groups of significantly different performance levels. In addition, the 
relationship of these anthropometric and physiological parameters with 200 m 
performance has been determined within a heterogeneous group and a smaller, 
homogeneous group of elite kayakers, thus identifying specific performance 
influencing factors. Subsequently, multiple regression and discriminant function 
analyses were employed to investigate which factors could be used to predict 
200 m performance, and discriminate between paddlers of the different abilities.
This study has provided contemporary data on the anthropometric and 
physiological characteristics of flatwater racing kayakers. In addition it has shown 
that the elite 200 m paddlers were characterised by a significantly greater body 
mass, upper body girth measurements and a greater degree of mesomorphy than 
the less accomplished groups of paddlers. This indicates that elite 200 m 
kayakers are relatively heavy and are characterised by a high level of muscular 
development, particularly of the upper body. These attributes suggest that there 
is a high demand for upper body muscle development in 200 m kayak racing. The 
elite paddlers also displayed a slightly greater stature, sitting height, and lean 
body mass than the intermediate and lower ability paddlers. These findings are 
consistent with previous literature which has shown that elite 500 m and 1,000 m 
kayakers tend to be reasonably tall and heavy, exhibiting relatively large upper 
body dimensions (Cermak et ai, 1975; Shephard, 1987; Misigoj-Durakovic and 
Heimer, 1992; Sklad et ai, 1994). Further, Fry and Morton (1991) found 
significant differences in the stature, sitting height, body mass and arm girths of 
Australian state selected and non-selected kayakers. Whilst the subjects in the 
study of Fry and Morton (1991) were 1,000 m and 500 m paddlers, their results 
appear to be similar to those of the present study.
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Although there was no significant difference in the body fat percentage between 
the three ability groups, the elite paddlers in this study displayed a relatively high 
adiposity compared to the intermediate and lower ability subjects. This finding is 
in contrast to much of the literature which has shown kayakers to exhibit low 
levels of body fat (Cermak et ai, 1975; Tesch, 1983; Shephard, 1987; Misigoj- 
Durakovic and Heimer, 1992). Fry and Morton (1991) found that higher standard 
kayakers in the 1,000 m and 500 m events exhibited slightly lower levels of body 
fat than the less successful paddlers. Therefore the results of this study would 
suggest that extreme leanness is not a necessary attribute for successful 200 m 
racing, and is of less importance to this event than the 1,000 m and 500 m events.
Many significant differences were observed in the physiological attributes of the 
three groups of kayakers. In terms of pulmonary function, both the elite and 
intermediate subjects demonstrated significantly superior lung volume and lung 
function (FVC and FEVi) to the lower ability paddlers. This finding shows a 
difference in the pulmonary function characteristics of different level 200 m 
paddlers, and supports the results of Fry and Morton (1991) who demonstrated a 
significant difference in FVC of disparate standard kayakers. However, 
differences in the FVC between the subjects, in both the present study and that of 
Fry and Morton (1991), may simply be explained by the differences in the body 
dimensions of the subject groups.
In contrast to previous findings, the present study showed no differences in the 
aerobic power ( V0 2 peak) of the elite, intermediate and lower ability groups. 
However, when V02peak was normalised for body mass, the elite demonstrated 
slightly lower values than the intermediate and lower groups (Table 17). It was 
noted that many of the subjects in the intermediate and lower groups were also 
successful paddlers over the longer distances of 500 m and 1,000 m, therefore 
their demonstration of a high relative aerobic power was consistent with their 
training status. This suggests that a high aerobic power, in absolute and relative 
terms, is not a prerequisite for 200 m racing. This is in contrast to previous 
findings for the 1,000 m and 500 m events (Cooper, 1982; Fry and Morton, 1991;
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Pelham and Holt, 1995); however, it is consistent with the findings of diminishing
importance of V02peak as race distance decreases (Fry and Morton, 1991) and the 
lower aerobic contribution to the shorter duration events in sprint kayak racing 
(Byrnes and Kearney, 1997). Whilst the elite paddlers exhibited only a slightly 
higher V02peak, they did display a significantly greater MAP than the lower ability 
paddlers, showing a difference in the power output that could be achieved during 
maximal exercise. The power output at the lactate threshold and the fixed blood 
lactate concentrations, critical power and total work in the 10 min ergometry test 
all provided measures of endurance ability, and were all significantly greater in 
the elite group. This indicates that although successful 200 m paddlers do not 
display outstanding levels of V0 2 peak, they do exhibit highly developed endurance 
characteristics and are therefore capable of sustaining high power outputs for 
prolonged periods.
A number of differences were also found in the anaerobic and dynamometric 
characteristics of the three subject groups. The measures of WAnT work, 2 min 
work, and AWC, which all provide estimates of the anaerobic capacity, were all 
significantly greater in the elite than both the intermediate and lower ability 
groups. This concurs with the results of Fry and Morton (1991), who showed a 
significant difference in the total work performed in a one minute ergometry test by 
selected and non-selected 1,000 m and 500 m state paddlers. Therefore, the 
capacity of the kayaker to produce anaerobic energy is instrumental in 200 m 
racing, thus reflecting the high anaerobic demand of this event. Although there 
was no significant difference in the accumulated oxygen deficit of the three 
groups, Table 4 shows a considerable difference between the elite and 
intermediate (51.8 ± 9.6 vs 45.9 ± 14.4 ml O2 Eq kg"\ respectively). Evidence of 
the need for high levels of anaerobic/muscular power and muscular strength in 
200 m racing, was provided by the differences observed in WAnT PP, IT and IP 
for the elite in relation to the intermediate and lower ability groups. These results 
compare well with literature showing highly developed anaerobic, strength and 
power characteristics in kayakers over the longer sprint distances of 1,000 m and 
500 m (Cooper, 1982; Fry and Morton, 1991). The anaerobic contribution to the
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200 m event has been previously reported to be 63% as compared to 38% in the 
500 m event (Byrnes and Kearney, 1997), therefore these findings support the 
expectation that the better 200 m kayakers would exhibit superior anaerobic and 
dynamometric attributes.
The calculation of correlation coefficients for the anthropometric and physiological 
attributes with 200 m performance provided further information of the association, 
and perhaps therefore the importance, of these variables to performance. 
Correlation coefficients for the collective group of 39 paddlers and for each ability 
group are provided in Appendix 7. For the collective group of subjects, body 
mass, lean body mass, tensed upper arm girth, forearm girth (relaxed and 
tensed), and chest circumference were all significantly related with performance. 
This provided further evidence that successful 200 m kayakers are characterised 
by relatively large body dimensions, particularly of the upper body. The 
correlations between body fat percentage and performance in all subjects, and 
between endomorphy and performance in the elite, supported the finding that 
more accomplished performers tend to exhibit relatively high levels of body 
fatness. Unfortunately, there is relatively little literature reporting the relationship 
of anthropometric attributes of kayakers with performance. However, Fry and 
Morton (1991) found similar relationships for sitting height, biceps girth, forearm 
girth, and chest girth with 500 m kayaking performance in a heterogeneous group 
of selected and non-selected Australian state kayakers. In addition, they found 
these and body mass to be related to 1,000 m kayaking performance, 
demonstrating that the more successful kayakers in the longer distance events 
were taller and possessed relatively large upper body dimensions.
Many relationships were also found between the physiological data of all 39 
subjects and performance, including the pulmonary measures of FVC, FEVi, and
PEF, and the aerobic parameters of MAP, power output at Tac, % VOapeak at Tac, 
and the power output at 2 FBLC and 4 FBLC. These relationships demonstrated 
that the more successful 200 m kayakers exhibited relatively good pulmonary 
function and fractional utilisation capabilities, and provides further evidence that
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this short duration event requires considerable aerobic adaptation. This is 
consistent with literature that has reported well developed pulmonary function (Fry 
and Morton, 1991; Misigoj-Durakovic and Heimer, 1992) and threshold 
characteristics of other flatwater kayakers (Ceretelli et al., 1979; Tesch and 
Lindeberg, 1984; Buncand Heller, 1991; Bunc and Heller, 1994). In contrast 
however, no relationship was found between V0 2 peak and performance when 
expressed either in absolute or weight normalised terms. Therefore, although 
accomplished 200 m racers do not possess particularly high aerobic capacities, 
they do still exhibit considerable capacities for prolonged upper body exercise. 
This suggests that although the 200 m event does not demand an outstanding 
genetic endowment for aerobic power, specific training results in the ability to 
sustain high work rates for prolonged periods.
The anaerobic parameters of WAnT PP, WAnT work and WAnT fatigue index all 
displayed significant correlations with 200 m performance. In addition, AWC 
derived from the work-time relationship from the 2 min and 10 min ergometry 
trials, was correlated with performance. These results highlight the need for very 
high rates and amounts of anaerobic energy production for the 200 m event. This 
reflects the high anaerobic energy contribution to this event that has been 
previously shown (Byrnes and Kearney, 1997). The only literature which has 
correlated anaerobic measures with kayaking performance was that of Fry and 
Morton (1991), who found that the work done in a 60 sec all-out ergometry test 
was significantly correlated with 500 m and 1,000 m performance. The present 
study also found that isometric strength and isokinetic power were correlated with 
performance, showing that the more successful kayakers were also capable of 
producing high levels of muscular strength and power. Again, correlations 
between isokinetic strength and performance over 500 m and 1,000 m have been 
previously reported (Fry and Morton, 1991). It requires further emphasis, that for 
all the physiological parameters measured, their expression relative to body mass 
in no case strengthened the relationship with performance, and in many cases 
produced a weaker correlation. This supports previous literature which showed 
that the sport of sprint kayaking requires high absolute capabilities rather than
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high physiological capabilities relative to body mass (Sidney and Shephard, 1973; 
Shephard, 1987; Fry and Morton, 1991).
When the relationships between anthropometric factors and performance were 
examined within the relatively homogeneous group of elite paddlers, fewer 
significant correlations were found. This follows the observations of van Ingen- 
Schenau et ai, (1996) who found that the identification of performance influencing 
variables in homogeneous groups was less apparent than in more heterogeneous 
groups. However, the relationships that did exist in the present study, showed 
that the better kayakers within the elite group were characterised by a relatively 
high body fat percentage and a relatively high degree of endomorphy; although 
the mean somatotype of the elite subjects was predominantly mesomorphic 
(2.6 ± 0.8, 4.9 ± 0.9, 2.1 ± 0.7, for endomorphy, mesomorphy and ectomorphy 
respectively). There were also fewer relationships between the physiological 
attributes of the elite kayakers and performance. For this group, only the 
pulmonary function measure of FEVi and VOzpeak when normalised for body mass 
were significantly related to performance. These relationships demonstrated that 
the better kayakers within the elite group were characterised by a relatively poor 
pulmonary function and maximal aerobic power. This is in contrast to the findings 
when all 39 subjects were collectively examined, which showed that the better 
paddlers exhibited a superior lung function, as measured by FEVi. The fact that 
the top paddlers in the elite group have routinely represented Great Britain in 
200 m racing means that this observation can not be disregarded, and shows that 
the best 200 m racers in this country display relatively inferior pulmonary function 
and aerobic power. The fact that relatively few correlations existed between the 
physiological measures and performance may be a consequence of a number of 
factors. Firstly, it is possible that the physiological tests used in this study lacked 
the necessary sensitivity and precision to differentiate between athletes within this 
relatively homogeneous, elite group. In addition, the fact that the group was 
limited in size (n = 13) reduced the power of the correlation analysis, thus 
explaining in part why further relationships were found for all 39 subjects. The 
evidence shows that the 200 m is an event in which anthropometric and
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physiological variables, both aerobic and anaerobic, affect performance.
Therefore the relationships of single measures with performance are perhaps 
limited, highlighting the need for a multifactorial approach to performance 
prediction for this event. It is also likely that due to the relative infancy of this 
event, real 200 m specialists are yet to emerge and at present, 1,000 m and 
500 m paddlers are simply moving down in distance. In addition, the role of 
technical factors in the efficient propulsion of the kayak may further confound the 
identification of physical performance influencing factors in 200 m kayaking (Mann 
and Kearney, 1980; Sanders and Kendal, 1992).
Having established the relationships between the anthropometric and 
physiological characteristics of kayakers and performance, multiple regression 
analysis was employed to determine which factors accounted for the greatest 
variance in performance. This practice provides a greater understanding of which 
factors are most influential on performance and which therefore need to be 
emphasised in any physical training programme. Such analysis demonstrated 
that chest circumference accounted for 37% of the variance in 200 m performance 
and could predict performance with a standard error of 2.4 sec. This suggests 
that a large upper body is beneficial for 200m kayaking; this is undoubtedly a 
consequence of upper body muscular development in response to specific 
physical training. However, the addition of any other anthropometric variable to 
the regression model failed to significantly increase the accuracy of this 
prediction. Whilst the study of Fry and Morton (1991) found that anthropometric 
variables were more effective in predicting performance, they did employ a 
procedure in which variables were added to the regression model until the 
standard error of estimate was no longer decreased. Fry and Morton (1991) 
included body mass and the sum of 8 skinfolds in a regression model for the 
prediction of 500 m performance. In addition. Fry and Morton (1991) included 
chest girth and sitting height in a regression model for prediction of 1,000 m 
performance.
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Multiple regression analysis of the physiological data demonstrated that, of the 
pulmonary and aerobic measures, the power output at Tac and FVC together 
accounted for 67% of the variance in 200 m performance, and could predict 
performance time with a standard error of 1.8 sec. The inclusion of any other 
aerobic parameter in the analysis failed to significantly increase the ability of the 
model to predict performance. This compares with the data of Fry and Morton
(1991) who found that maximum ventilation, VOzpeak and FVC contributed to a 
regression model for the prediction of 500 m performance, accounting for 83% of 
the variance in performance. For the prediction of 1,000 m performance. Fry and
Morton found that V02peak, and V02peak normalised for body mass, contributed to a 
regression model which accounted for 92% of the variance in performance. The 
fact that FVC contributed to the prediction of performance in this study may in part 
be a consequence of the greater body dimensions of the higher standard paddlers 
examined. However, the inclusion of the power output at Tac in this model further 
highlights the need for a high level of fractional utilisation and endurance for 
200 m sprint kayakers.
Of the anaerobic and dynamometric parameters measured in this experiment, 
work done in the modified WAnT accounted for 63% of the variance in 
performance, and predicted 200 m time with a standard error of 1.9 sec. The 
inclusion of any other anaerobic or dynamometric parameter in the regression 
model failed to significantly increase the prediction of performance. Again, this 
compares with the study of Fry and Morton (1991) who found that the work 
achieved during a 60 sec ergometry test as well as isokinetic torque at 
120 deg-sec’  ^were included in a regression model for the prediction of 500 m 
performance, which account for 83% of the variance in performance. For the
1,000 m event. Fry and Morton (1991) found the only anaerobic parameter that 
contributed to the prediction model, which accounted for 92% of the variance in 
performance, was the isokinetic torque at 30 deg sec'\ The present finding 
shows the requirement of a high capacity for the production of anaerobic energy 
to succeed in the 200 m distance; this is consistent with the high anaerobic
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contribution to total energy expenditure during this event that has been previously 
described (Byrnes and Kearney, 1997).
The anthropometric and physiological regression models identified the degree of 
variance in specific performance that was accountable to a one dimensional group 
of factors, i.e. anthropometric, pulmonary/aerobic, or anaerobic/dynamometric. 
However, correlation coefficients for the test data and performance demonstrated 
a wide range of relationships with 200 m performance. Therefore, all those 
factors which were found to be effective in the prediction of 200 m performance 
within the separate regression models were entered into a combined regression 
model, developed to predict performance using a multifactorial approach. It was 
found that the power output at Tac and the total work in the modified WAnT 
together accounted for 70% of the variance in performance, and provided an 
standard error of 1 .Y sec in the prediction of 200 m time. The inclusion of any 
other anthropometric or physiological variable in the model failed to significantly 
increase the accuracy of the prediction. The finding that both an aerobic and 
anaerobic parameter together accounted for over 70% of the variance in 
performance supports the notion that the 200 m requires significant contributions 
from both the aerobic and anaerobic energy pathways (Byrnes and Kearney,
1997) and the findings of Chapter 3. The results of the regression models provide 
important findings for the identification of the prerequisites for 200 m performance, 
and information on which specific physical training may be based.
In addition to the multiple regression models, the discriminant function analysis 
revealed that WAnT work and FVC accounted for nearly 97% of the variability in 
performance between the elite, intermediate and lower ability groups, and could 
classify 77% of all subjects in the correct ability group. The addition of further 
variables failed to significantly increase the accuracy of the group membership 
prediction. The fact that this analysis also included pulmonary and anaerobic 
parameters to discriminate between different ability athletes, further supports the 
multifactorial approach required for this particular event.
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5.5 S um m ary  and  C o nclusions
This study has provided contemporary data describing the anthropometric and 
physiological characteristics of 200 m sprint kayakers. As compared to less 
accomplished paddlers, the elite subjects displayed significantly greater body 
mass, upper body girth measurements and mesomorphy; in addition, the elite 
paddlers exhibited slightly higher levels of body fat than the other paddlers.
These observations were supported by significant relationships for 200 m 
performance with body mass, upper body girth measurements, and body fat 
percentage in all subjects. Thus the better paddlers were characterised by large 
body dimensions, particularly of the upper body, a high level of muscularity and a 
relatively high body fat content. The more successful 200 m paddlers also 
exhibited superior values in almost all the physiological attributes measured. This 
indicates that well developed submaximal endurance capacities, high rates and 
capacities of anaerobic energy production, and high-calibre muscle strength and 
power are all evident in top-level 200 m racers. Again, the relationships between 
these physiological factors and performance supported these findings.
The use of regression analyses allowed for the identification of performance 
influencing factors, the degree of variability in performance for which they were 
accountable, and therefore their ability to predict performance. These showed 
that 200 m kayaking performance was dependent upon a variety of 
anthropometric and physiological attributes, thus demonstrating the need for a 
multifactorial approach in understanding the requirements of this event. These 
findings provide valuable guidelines for the prescription of physical training for the 
competitive 200 m kayaker.
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C hapter  6
T he Efficacy  of a  S pecific  200 m Kayak  
T raining  Programme
6.1 Introduction
One of the most challenging tasks for the sport and exercise physiologist is to 
interpret scientific knowledge and prescribe effective physical training 
programmes for athletes. The understanding of the physiological demands of a 
specific sporting event and the identification of the physical characteristics of 
successful athletes provides relevant information to facilitate this. The description 
of the physiological profiles of elite performers has been widely reported in a 
number of sports such as distance running, sprint kayaking, cycling and triathlon 
(Costill, 1976; Tesch, 1983; Sjodin and Svendenhag, 1985; Coyle et ai, 1991; 
O'Toole and Douglas, 1995). This has allowed for the identification of the key 
physiological variables which are related to successful performance in these 
events (Lindsay et ai, 1996; Hawley et ai, 1997). Subsequently, an 
understanding of these physiological performance influencing factors will aid the 
sport scientist and coach in the prescription of appropriate physical training 
regimens.
Whilst there has been considerable research investigating the physiological 
adaptations to specific training programmes (Denis et ai, 1982; Burke et ai, 
1994), most of the literature in this area has been concerned with endurance 
performance (Lindsay et ai, 1996). Typically, it has been the effects of 
endurance training on markers of endurance capacity, such as the anaerobic 
threshold and maximal oxygen consumption which have been investigated. 
Conversely, there is a relative paucity of literature reporting the physiological 
adaptations to specific training for high intensity, short duration sports events 
(Wakayoshi et ai, 1993). The fact that some authorities have suggested that 
most of the existing knowledge regarding the training practices of today’s elite 
athletes has come from the field-based observations of successful coaches, 
rather than from the scientific bases provided by exercise physiologists, is 
perhaps a consequence of this (Wells and Pate, 1988; Hawley et ai, 1997).
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A number of texts have described the physical training of top-level sprint 
kayakers, though these have seldom documented the subsequent changes in 
specific performance or physiological parameters (Toro, 1986; Lenz, 1990; West 
1990; Cox, 1992; Endicott, 1995). In addition, little research has been undertaken 
into the physiological adaptations to specific kayak training, and therefore the 
efficacy of various training practices. Therefore the aim of this experiment was to 
investigate the efficacy of a specific training programme designed to improve 
200 m sprint kayaking performance. The design of the programme was based 
upon the results obtained from the previous experiments of this thesis, regarding 
the physiological demands of 200 m kayak racing and the physiological attributes 
of successful athletes in this event.
144
6.2 Materials  and  M ethods
Ethical  consideratio ns  All experimental procedures were approved by the St. 
Mary’s Ethics Committee for Teaching and Research. Prior to participation, and 
having been fully informed of the nature of the investigation, all subjects 
completed a pre-test health screening questionnaire and provided written 
informed consent. The questionnaire and consent form are provided in 
appendices 3 and 4, respectively.
S ubjects  A total of 19 subjects volunteered to participate in this study, two of 
whom were excluded due to their inconsistent training patterns, and one of whom 
failed to complete the study. All subjects had been training and competing in 
sprint kayaking for at least two years and were members of either the junior or 
senior national development squads. Following baseline measurements, subjects 
were allocated to either an experimental (E) or control (C) group. Efforts were 
made to match the groups for ability and for as many physical characteristics as 
possible; however, this was compromised by practicability and the compliance of 
the subjects. The experimental group followed a prescribed training programme 
whilst the control group continued their normal training without intervention. 
Subjects in both groups were required to complete a training diary providing 
details of the type and duration of training sessions, as well as a subjective rating 
of intensity of effort during the session. In addition, those subjects who routinely 
used heart rate monitors in their training, were encouraged to provide heart rate 
data for their training bouts.
Pro cedures  The study was carried out during the months of April and May, i.e. 
at the end of the specific preparatory period and at the very beginning of the 
competitive period of the training year for sprint kayak racing. This period was 
selected so that all subjects would have developed a base of aerobic conditioning 
over the winter months, though they would have developed little of the other 
relevant components of physical fitness. All subjects visited the laboratory for the 
determination of baseline measurements and again after a six week training 
period. Subjects were required to restrict physical training to light exercise for the
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24 hr period preceding the testing sessions, which were conducted at the same 
time of day on the two occasions.
A nthro pom etric  M easurem ents  Body mass and stature were measured using a 
stadiometer and balance scales (Avery, Birmingham) which were calibrated 
before and after the experiment period. Subjects removed shoes and all clothing 
other than shorts for these measurements. Body composition was assessed by 
measuring skinfold thicknesses at the biceps, triceps, subscapular and suprailiac 
sites on the right side of the body, using skinfold calipers (Harpenden, British 
Indicators Ltd., St. Albans) calibrated using engineering calibration blocks 
(Mitutoya, Japan) before and after testing. A coefficient of variation (mean ± S.D.) 
of 3.6 ± 3.1% for intra-tester reliability has been demonstrated for the 
measurement of skinfold thicknesses using this method (see Chapter 5). Body 
density was then calculated using the equation of Durnin and Womersley (1974), 
and thus allowing the estimation of body fat using the Siri equation.
Physiological M easurem ents  Physiological assessment consisted of three 
kayak ergometry tests. These were all performed on a K1 ERGO kayak 
ergometer, fitted with the fan restrictor, and interfaced with a computer, as 
described in Chapter 4. All subjects had previously trained on, or had undergone 
physiological assessment using the K1 ERGO and were therefore familiar with 
this apparatus. The three ergometry tests were performed before and after the six 
week training period, as follows:
S im ulated  200 m Perform ance  T rial Specific performance of the subjects was 
assessed using a 45 sec kayak ergometry test, designed to simulate the 200 m 
event. This simulation was selected in preference to an open water 200 m 
kayaking trial to ensure that environmental conditions did not vary between testing 
sessions, both within and between the subject groups. The aim of this ergometry 
test was to complete as much work as possible in the 45 sec period. Following a 
warm-up performed on the ergometer, of at least 10 min easy paddling and 
voluntary sprints of 10 sec, the test was commenced on the command of the test
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investigator with the subject and ergometer flywheel stationary. Total work 
performed over the 45 sec (45 work) and mean stroke rate (SR) were measured 
during the test. Blood lactate concentrations (La) were determined from 
capillarised earlobe, whole blood samples via a blood analyser (P-GM7, Analox 
Instruments, Hammersmith, U.K.), calibrated with an 8 mmol L'^  standard. These 
were collected at 2 min intervals following completion of the test, until a peak 
blood lactate concentration had been established. Heart rate (HR) was measured 
and recorded every 5 sec during the test using short wave telemetry (Accurex 
Plus, Polar GY, Finland). Subjects completed a 5 min cool-down period of light 
exercise on the kayak ergometer, immediately after the trial.
M odified  W ingate A naerobic  T est  Following a passive recovery period of 
30 min, subjects completed a further warm-up of at least 5 min of light exercise 
and voluntary sprints on the ergometer, prior to performing a modified Wingate 
Anaerobic Test (as described in Chapter 4). Subjects were instructed to perform 
a maximal effort without pacing, and were informed that the test served to 
measure both peak power (PP) and total work (WAnT work). Heart rate (HR) and 
post-exercise blood lactate concentrations (La) were measured as described 
above. Again, subjects completed a 5 min cool-down period of light exercise on 
the kayak ergometer, immediately after the trial.
SUBMAXIMAL INCREMENTAL EXERCISE TEST The final test was a discontinuous, 
incremental step test, performed following a further 30 min period of passive 
recovery. This test consisted of exercise bouts of 4 min, separated by 30 sec 
pauses for the collection of capillarised earlobe, whole blood samples. The test 
was started at 80 Watts and increased by 20 Watts at each 4 min stage until a 
blood lactate concentration of at least 4 mmol L"^  was observed. During the test, 
heart rate and blood lactate concentrations were determined as described above. 
Subjects completed a final 5 min of cool-down, as following the preceding 
exercise tests. Following the test, blood lactate concentrations were plotted 
against mean power output for each 4 min stage. Second order polynomial 
curves were fitted to the data sets to calculate the power outputs corresponding to
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the fixed blood lactate concentrations of 2 mmol (2 FBLC) and 4 mmol 
(4 FBLC).
T raining  Program m e  The specific training programme for 200 m kayak racing 
was developed using the information collected through the experiments of 
Chapters 3 and 5 above. In addition, Byrnes and Kearney (1997) have estimated 
the relative aerobic (37%) and anaerobic (67%) energy contributions to simulated 
200 m kayaking. Chapter 3 of this thesis identified the rates of minute ventilation 
and oxygen consumption during the 200 m trial, thus demonstrating the 
considerable aerobic energy contribution to the event. Also, the high level of 
excess post-exercise oxygen consumption and the reasonably high blood lactate 
concentrations measured after the trial, suggested a major anaerobic energy 
contribution to 200 m kayaking. This is supported by the findings of Chapter 5, 
which identified the physiological characteristics of 200 m kayakers of a range of 
abilities, and the relationships between these physiological variables and 
performance. In particular, the metabolic and performance characteristics 
associated with the lactate threshold, and anaerobic power and capacity as 
measured by the modified WAnT, were found to be highly related to 200 m 
performance. The calculation of correlation coefficients, multiple regression 
analyses and discriminant function analyses provided a statistical measure of the 
importance of these physiological variables to 200 m performance. Therefore, a 
specific 200 m training programme was developed to emphasise these 
performance influencing factors.
The six week training programme was based on a repeated 7 day microcycle, in 
each one of which, one complete recovery day was incorporated, and all relevant 
types of training stimuli were prescribed. Five key areas of training were 
identified and included in the training programme: base aerobic, 
transition/threshold, lactate tolerance, speed, and strength/power. These training 
types and the intervention programme were fully explained to subjects prior to 
commencement. Details of the intervention training programme are provided in
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Appendix 8 and the following categories of training are discussed further in 
section 6.4 of this Chapter.
Base  A erobic  For the purposes of this investigation, base aerobic training 
(BAER) was defined as continuous (>30 min), steady state kayaking, at an 
intensity that could be maintained with little rise in the blood lactate concentration 
above resting levels. For those subjects who routinely used a heart rate monitor 
in their training, this intensity could be controlled using the results of the 
submaximal, incremental exercise test.
T ransition /T hresho ld  Transition or threshold training (THR), was defined in this 
study, as kayaking at an intensity corresponding to the individual's lactate 
threshold. Such training was performed using intervals of between 3 and 10 min 
duration, separated by 1 to 2 min recovery periods. Such training could also be 
effectively controlled via a heart rate monitor, using the results of the incremental 
test.
Lactate T olerance  Lactate tolerance training (LATOL) was defined as kayak 
training at an intensity above the lactate threshold, designed to accumulate high 
concentrations of muscle and blood lactate. Work periods of between 30 sec and 
2 min with work:rest ratios of between 1:1 and 2:1 were prescribed for LATOL 
training, in order to stress the capacity of the anaerobic energy pathways.
S peed  For the development of speed, work periods of between 20 and 60 sec 
were prescribed with work:rest ratios of between 1:4 and 1:6. Such training was 
designed to allow the athlete to stress the ability of both the phosphagen and 
anaerobic glycolytic energy systems to provide the rapid resynthesis of adenosine 
triphosphate (ATP).
Strength  and  Po w e r  Strength and power training (S&P) was defined as 
resistance training designed to promote the capacity of the neuromuscular system 
to produce high forces, particularly at speed. Subjects could perform this training 
as either land training with the use of weight training equipment, or on the water.
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by increasing the resistance to boat velocity. The prescribed weight training 
sessions consisted of 3 to 4 sets of 10 to 12 isotonic repetitions, performed on six 
exercises: bench pulls, bench press, I at. pull-downs, overhead shoulder press, 
single arm pulls and abdominal crunches. These exercises are described further 
in Appendix 9. Alternatively, subjects could chose to perform their strength and 
power training on the water, using ropes or elastic cords positioned around the 
hull of the kayak, thus increasing the surface friction between the water and the 
kayak and consequently increasing the force required to propel the kayak. 
Exercise bouts of between 10 and 20 sec were performed, with the aim of 
maximising kayak speed, separated by 3 to 4 min recovery periods.
Statistics  All results are presented as mean ± S.D. values. A series of repeated 
measures univariate analyses of variance (ANOVA) were employed to determine 
differences between the E and C groups in the anthropometric and physiological 
test data. Where significant differences were found, follow-up Tu key's HSD tests 
were used to identify where these differences occurred. The training performed 
by the two groups were compared using repeated measures, multivariate 
analyses of variance (MANOVA). The endurance training (BAER and THR) 
performed by E and C were compared using one MANOVA, and the anaerobic 
training (LATOL, SPEED, S&P) were compared in a separate analysis. Where 
significance was found, univariate AN OVA models showed where differences 
occurred. A significance level of p < 0.05 was selected prior to any statistical 
analyses.
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6.3 Results
Physical  C haracteristics  and  A n thro po m etric  A ssessm en t  The physical 
characteristics of the subjects and the anthropometric measurements taken before 
and after the six week training period, for both the experimental and control 
groups are provided in Table 22.
Table 22 Physical and anthropometric characteristics (mean ± S.D.) of E and C groups.
_  : -
Pre Post Pre Post
Age (years) 17.6 ± 1.8 20.7 ±4.0
Stature (cm) 181.4 ±7.4 181.4 ±7.4 179.1 ±4.4 179.1 ±4.4
Body mass (%) 79.2 ± 11.7 78.7 ±11.5 71.9 ±13.0 71.8 ±12.9
Skinfolds (mm) 40.1 ±39.4 39.4 ±21.8 31.7 ± 11.9 30.4 ±10.9
Body fat (%) 16.5 ±6.2 15.9 ±6.7 12.9 ±4.1 12.5 ±3.9
No differences were found between the groups in any of the anthropometric 
measures investigated. However, the body fat percentage did show a significant 
time effect (F = 0.88, p < 0.05), demonstrating that body fat was significantly 
reduced during the 6 week training period, irrespective of group membership. 
Table 22 also shows that the age, body mass and body fat percentage of the two 
groups differ markedly.
Physiological M easurem ents  Table 23 shows the results of the simulated 
200 m performance test performed before and after the six week training 
programme, for both the experimental and control groups.
151
Table  23 Mean (± S.D.) simulated 200 m performance.
E
Pre Post Pre Post
45 work (kJ)
SR (strokes-min 
Peak La (mmol L ) 
Peak HR (beats min )
13.1 ±2.0 
119.517.0
5.8 ± 1.0 
18419
14.011.8
123.8110.8 
6.511.2 
18518
14.613.7
125.1115.9 
7.3 11.5 
186111
15.213.8
126.9110.9 
7.811.6 
183110
SR, mean stroke rate during trial.
Table 23 demonstrates that work done, mean stroke rate and the post-exercise, 
peak blood lactate concentration measured in the simulated 200 m performance 
test, all increased during the 6 week period, in both groups. However, the only 
significant time effect was for 45 work (F = 6.19, p < 0.05), which increased 
irrespective of group membership; this is also shown in Figure 10 below. No 
significant differences between the two groups were found for any of the variables 
measured in the 45 sec performance test.
20
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C pre C postE pre E post
Figure 10 Total work done (mean 1 S.D.) in 45 sec performance test.
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The results of the 30 sec modified Wingate Anaerobic Test performed by both 
groups, before and after the 6 week training period are displayed in Table 24.
Table 24 Mean (± S.D.) results for modified WAnT.
E
Pre Post Pre Post
PP (Watts) 391.8187.4 412.6171.4 410.41129.1 428.91 129.9
WAnT work (kJ) 10.111.9 10.611.6 10.112.9 10.513.1
Time (sec) 4.811.6 4.811.0 4.1 1 1.0 4.01 0.6
¥l (%) 26.9111.1 26.216.1 30.616.8 32.715.7
Peak La 
(mmol L^)
5.811.3 6.211.4 7.011.4 7.511.8
Peak HR 
(beats-min
18416 18518 185112 185110
Peak power, total work and the peak post-exercise blood lactate concentration all 
increased during the six week period, in both groups. Statistical analysis of the 
data revealed that both PP and WAnT work significantly increased over time, 
irrespective of group classification (F = 5.26, p < 0.05 and F = 6.55, p < 0.05, 
respectively). However, no other time effects were found, and no differences in 
any of these parameters were identified between the groups.
Data from the incremental exercise tests, which were used to determine the power 
outputs at the fixed blood lactate concentrations of 2 mmol L'^  and 4 mmol L '\ are 
illustrated in Figure 11.
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Figure 11 Power outputs (mean ± S.D.) at 2 FBLC and 4 FBLC.
The above figure illustrates that there were small increases in the power output at 
the fixed blood lactate concentrations of 2 mmol and 4 mmol L'^  for both 
groups, however these increases were not significant. In addition, no significant 
differences were found for 2 FBLC and 4 FBLC between groups.
The characteristics of the training performed by the control and experimental 
groups are summarised in Table 25. Data are presented as the mean (± S.D.) 
number of the specific training sessions performed by each group over the 6 week 
period.
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Table 25 Training profiles of experiment (E) and control (C) groups.
Specific training type E
(mean ± S.D. no. of sessions)
C
(mean + S.D. no. of sessions)
Endurance
BAER 6 + 2 11+4
THR 6 + 3 9 + 3
Anaerobic
LATOL 12 ±4 7 + 4
SPEED 8 + 3 4 + 2
S&P 9±3 6 + 5
TOTAL 41+9 37 ±8
BAER, base aerobic; THR, transition/threshold; LATOL, lactate tolerance; S&P, strength and 
power.
The BAER and THR training, were incorporated in the intervention programme to 
stress the oxidative capacity and therefore the endurance of the individual. Table 
25 shows that C performed more endurance training, which was found to be 
significantly different (F = 5.36, p < 0.05). Follow-up analyses revealed that E 
performed significantly less BAER training, and although there was no significant 
difference in the volume of THR between the groups. Table 25 shows that E 
performed considerably fewer THR sessions than C during the intervention 
period. The LATOL, SPEED and S&P training were prescribed to stress the 
power and capacity of both the anaerobic and neuromuscular systems, with a 
greater volume being performed by E, see Table 25. The difference in the volume 
of anaerobic training between groups was found to be significant (F = 3.76, 
p < 0.05), follow-up analyses indicated that E performed significantly more LATOL 
and SPEED training sessions. Although no significant difference was found in 
S&P between groups. Table 25 shows that E did perform more S&P training 
during the intervention period.
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6.4 D iscussion
The aim of this study was to determine whether an effective 200 m sprint kayak 
training programme could be developed, based on data regarding the 
physiological demands of 200 m kayaking and the physiological characteristics of 
successful kayakers. The results demonstrate that although the prescribed 
training was effective in improving simulated 200 m performance, and measures 
of anaerobic power and capacity, these changes were only slightly greater than 
those observed in the control group.
The intervention training programme that was prescribed in this study was 
developed having identified five key areas of training. This was based upon the 
physiological demands of the 200 m event, the physical characteristics of 
successful performers, and literature describing training methods for other events 
within sprint kayak racing. Therefore, the prescribed training included base 
endurance (BAER), threshold endurance (THR), lactate tolerance (LATOL), speed 
(SPEED) and strength and power (S&P), all of these training types have been 
previously described in the literature.
Base aerobic training has been defined as exercise performed at an intensity
corresponding to 70-75% of an individual’s V02max, performed for at least 30 min 
(Hawley, 1995). The reported physiological adaptations to this type of training 
include improved myocardial function and oxygen transport, an increase in blood 
volume, increased mitochondrial and oxidative capacity of skeletal muscle, and 
greater fat utilisation (Hawley, 1995). The greatest volume of this training is 
typically undertaken in the non-competitive period of the training year, and is 
reduced towards the competitive period (Paish, 1997). Since this training study 
was designed to occur at the end of the specific preparatory period and at the 
very start of the competitive period, an element of BAER training was included in 
the prescribed training programme.
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The lactate threshold has been described as a metabolic marker of the rate of 
aerobic energy expenditure that can be maintained for a prolonged period (Coyle 
et al., 1991), thus there is a close relationship between the lactate threshold and 
endurance performance (Sjodin and Svedenhag, 1985; Coyle eta!., 1988). It has 
also been shown that the exercise intensity associated with the lactate threshold 
can be increased with endurance training, consequently improving specific 
endurance performance (Tanaka and Matsuura, 1984). Since training at this 
intensity provides a high stimulation of the oxidative metabolism of the muscle 
cells with little use of anaerobic metabolism, such training can be maintained for 
prolonged periods, and results in improvements in the cardiovascular system and 
the metabolic capacity of muscle cells (Kindermann at a/., 1979). In particular, an 
increase in capillary density, concentration of mitochondrial protein and glycogen 
storage are physiological adaptations seen in response to training at this intensity 
(Withers at a/., 1981). Other physiological adaptations to this type of training 
include an increase in VOzmax, an improved resistance to muscular fatigue and an 
enhanced tolerance of lactate (Hawley and Burke, 1998). Pate and Branch
(1992) classified such training as “aerobic interval training” and recommended the 
use of moderate duration, high intensity exercise bouts. Similarly, Hawley and 
Burke (1998) recommended the use of long (5-10 min) exercise bouts at an
intensity corresponding to 85% of VOzmax, with short recovery intervals (<1 min). 
Such training was included in the present training model to reflect the 
considerable aerobic demands of the 200 m event, and the highly developed 
threshold characteristics of 200 m kayakers that have been shown.
Another category of training included in the programme was lactate tolerance 
work (LATOL). Training at intensities exceeding the lactate threshold results in a 
greater yield of anaerobic energy, thus producing lactic acid, which impairs 
energy transfer (Horswill, 1995) and muscle function (Linderman and Gosselink, 
1994). The increased lactate concentrations observed during training at this 
intensity promotes the buffering capacity of the skeletal muscle and blood, and 
increases the rate of lactate clearance from the muscle, therefore improving the 
athlete’s ability to tolerate high lactate concentrations (Pate and Branch, 1992).
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Therefore LATOL was emphasised in the present training programme, in an 
attempt to develop the individual’s anaerobic capacity, which has been shown to 
be highly related to 200 m performance.
The highest intensity of training performed on the water was speed training 
(SPEED). This type of training is characterised by high intensity work bouts, 
which are faster than race pace, separated with long rests (Coe and Miller, 1981; 
Hawley, 1995). The prescription of long recovery periods allows for the almost 
complete replenishment of the cellular phosphagens utilised during each bout, 
and the efflux of lactate from the active musculature, thus enabling the repetition 
of high intensity work. Speed training was prescribed in this study to develop the 
capacity of energy production from high energy phosphates, and the rate of 
energy production of anaerobic glycolysis.
The final category of training incorporated in the intervention programme was 
strength and power resistance training (S&P). Resistance training has been 
shown to improve kayaking performance (Liow and Hopkins, reported in Hawley 
and Burke, 1998), with slow weight training movements producing a greater 
improvement in the acceleration phase of kayak sprinting, and explosive weight 
training producing a greater improvement in peak kayaking speed. In this study, 
subjects were encouraged to perform the weight training exercises in an explosive 
manner, in order to promote the development of muscular power. The exercises 
that were chosen for the weight training component were designed to stress all 
the major muscles (latissimus dorsi, rhomboideus, deltoids - anterior, medial and 
posterior, pectoralis major, biceps brachii, triceps brachii, rectus abdominus and 
external/internal obliques) which have been shown to be employed during 
kayaking (Logan and Holt, 1985; Capousek and Bruggemann, 1991; Cox, 1992). 
Therefore, in terms of both the exercises prescribed and the dynamics of the 
muscular contractions, all efforts were made to optimise the specificity of the 
weight training programme. As an alternative, resistance training could be 
performed on the water, using attachments to the hull of the kayak, acting as 
hydro-brakes, and thus increasing resistance. This is a widely used technique
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amongst successful kayakers world-wide as a more specific alternative to dry-land 
resistance training (Lenz, 1990; Endicott, 1992).
Analysis of the training of the experimental and control groups revealed that the 
experiment group performed a significantly greater number of anaerobic sessions 
(LATOL, SPEED, S&P) than the control group. However, the control group was 
found to perform significantly more endurance training sessions (BAER and THR). 
However, the total number of training sessions did not differ significantly between 
the groups. This shows that the training prescribed in the present study was 
markedly different to that ‘typically’ performed by sprint racing kayakers of this 
standard.
The six week training programme resulted in a number of anthropometric and 
physiological adaptations in both E and C. Whilst the prescribed training 
programme had not been expected to produce any changes in body composition, 
the experimental group did exhibit a slightly greater decrease (3.6%) in the 
estimated body fat percentage than displayed by the control group (3.1%). 
However, the coefficient of variation for the determination of body fat from skinfold 
measurements has been calculated at 3.6 ± 3.1%. Since these changes lie within 
the CV of measurement, they can not be assumed to accurately show changes in 
body composition for these subjects.
For the 45 sec ergometry test designed to simulate 200 m kayaking, total work 
and the peak post-exercise blood lactate concentration were both significantly 
greater after the six week training period. Although there were no significant 
differences between the two groups, the total work increased by 6.9% in the 
experimental group and by 4.1% in the control group. If the 45 sec ergometry test 
is a valid simulation of the 200 m event, then these changes represent a 3.1 sec 
improvement in 200 m time for E, and a 1.8 sec improvement for C. Expressed in 
this way, the difference between the groups is more evident, with a 1.3 sec 
advantage to E, which in competitive sport, represents a considerable margin for 
an event of such short duration. Since the K1 ERGO has been shown to provide
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a reliable and valid simulation of open water kayaking, (see Chapter 4), this is a 
feasible assumption.
Similarly, the increase in the peak blood lactate concentration following the 45 sec 
performance trial, although not significantly different between the groups, did 
increase by more in the experimental group (12.1%) than in the control group 
(6.8%). Increases in post-exercise blood lactate concentrations are a well 
established adaptation to high intensity exercise training (Jacobs et ai, 1987; 
Nevill et ai, 1989). Therefore the greater increase in blood lactate concentration 
for E, would suggest that the improvement in the simulated 200 m performance 
test was, at least in part, due to an increased capacity to generate glycolytic 
energy. This adaptation is likely to be a consequence of the increased volume of 
LATOL and SPEED training performed by E, thus improving the rate and capacity 
of the anaerobic energy pathways.
The Wingate Anaerobic Test has been employed extensively for the assessment 
of anaerobic power and capacity (Bouchard et ai, 1991). As reported in Chapter 
5 of this thesis, a modified WAnT performed on the kayak ergometer was found to 
be an effective predictor of 200 m kayaking performance. For these reasons the 
modified test was used in this study to monitor the specific training progressions 
over the six week period. Although PP and WAnT work significantly increased in 
both E and 0  over time, no significant differences were found between the groups 
in any of the variables measured in this test. At the beginning of the competition 
phase most racing kayakers introduce more high intensity work into their training 
routine (Cox, 1992). Therefore, the observed increase in these parameters for the 
control group was an inevitable consequence of the time of year in which this 
study was conducted. Previous studies have suggested that the Wingate 
Anaerobic Test may not be a sensitive test of the adaptations to high intensity 
training (Jacobs et ai, 1987; van Ingen Schenau et ai, 1992). However, the 
experimental group in this study demonstrated a 5.3% increase in peak power 
whilst the increase in the control group was 4.5%. In addition, an increase of 
4.9% in total work done in the 30 sec period was demonstrated by the
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experimental group whilst the control group demonstrated an increase of 3.9%. 
These results show that the prescribed training programme was slightly more 
effective in improving both anaerobic power and capacity, probably as a 
consequence of the greater volume of LATOL, SPEED and S&P training that was 
undertaken by the experiment group.
The incremental exercise test was used to assess the aerobic conditioning of 
subjects before and after the training period. Previous findings of this thesis have 
shown the influence of the capacity for sustaining high levels of submaximal 
exercise on 200 m performance; therefore this test was employed to monitor such 
specific training adaptations. The power outputs at 2 FBLC and 4 FBLC 
demonstrated no significant differences between groups or between the baseline 
measurements and those recorded after the intervention period. However, the 
power outputs associated with the 2 mmol L"^  and 4 mmol L"^  fixed blood lactate 
concentrations increased slightly in both E and C groups, despite the contrasting 
volume of THR training performed by the two groups. These results may be 
interpreted as providing valuable guidelines as to the volume of 
threshold/transition training required for kayakers specialising in any one of the 
flatwater distances.
Although specific performance and the measures of anaerobic power and capacity 
increased by slightly more in E than C, no significant differences were found 
between the groups. There are a number of reasons that might explain these 
results. Firstly, it is possible that the prescribed training programme did not go far 
enough in stressing the LATOL, SPEED and S&P elements. With greater 
emphasis on these components further differences between the groups might 
have been observed. This matter highlights the difficulties in interpreting the data 
regarding the physiological demands of the event and the physiological 
characteristics of successful 200 m kayakers. Another possible explanation is 
that a six week period does not provide an adequate time span for true 
differences between training programmes to be identified; a longer intervention 
would perhaps provide clearer results. In contrast however, a number of
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investigations have demonstrated significant improvements in performance and 
physiological parameters over periods of <7 weeks (Burke etal., 1994; Lindsay et 
al., 1996; Woods et al., 1996). Finally, many authorities argue that coaching and 
training prescription are not entirely scientific endeavours (Hawley et al., 1997; 
Paish, 1997), rather it is the ‘artistic’ interpretation of the scientific principles that 
is required to produce an effective training plan. Importantly, these scientific 
principles must be applied in accordance with the unique capacity of the individual 
athlete (Bompa, 1994), due to the nature of this study however, it was not 
possible to tailor the prescribed training programme for each individual.
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6.5 S um m ary , C o nclusio ns  a nd  Recom m endations
In conclusion, this study aimed to develop a specific 200 m training programme, 
based upon the physiological demands of 200 m kayak racing, the physiological 
characteristics of successful 200 m kayakers, and the relationships with 
performance. The prescribed training was found to be significantly different to 
that of the ‘typical’ physical training of paddlers of this standard, consisting of less 
base aerobic training, and more lactate tolerance and speed training. Despite 
these disparities, no significant differences were found in simulated 200 m 
performance and the physiological adaptations to the prescribed training in the 
two groups. However, a number of non-significant differences were found, 
showing that specific training might improve 200 m performance by nearly one 
and a half seconds when compared to the training of the control group.
Therefore, the results of this study would suggest that whilst difficulties are 
presented in the interpretation of physiological data, specific training based upon 
these data does engender improvements in 200 m kayaking performance. The 
fact that significantly different training practices failed to result in significant 
differences in performance, highlights the extent to which specific training for the 
200 m event might differ from that for the other sprint kayaking distances.
Therefore further research investigating appropriate training regimens for 
successful 200 m racing is warranted. If such investigations can examine the 
responses of more highly trained kayakers, over a longer time period, then a 
clearer understanding of the specific training required for this event may be 
developed.
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C hapter  7
G eneral S umm ary
7.1 G eneral  S ummary
Since 1994, the 200 m event has partnered the 1,000 m and 500 m events in the 
international sprint kayak racing programme. This has markedly reduced the 
duration of the shortest event in this sport and consequently it is likely that the 
physiological demands and requirements of the event will be quite different. This 
therefore warrants investigative research to provide a better understanding of the 
event and to facilitate the prescription of specific physical training. Hence the 
aims of this study were to examine the physiological responses to the 200 m 
event and to identify the necessary physical attributes for successful performance. 
In order to achieve this, it was necessary to identify an ergometer that could 
provide reliable and valid physiological assessment of kayakers. This study also 
investigated the efficacy of prescribing specific physical training, based on the 
scientific data relating to the physiological demands of the event and the 
characteristics of high level performers.
Due to the lack of literature and data regarding the event, the first experiment was 
designed to identify the physiological responses of kayakers during the 200 m. 
The analysis of expired air and the measurement of heart rate and blood lactate 
concentrations during open water kayaking provided an assessment of the 
physiological demands of this event. The peak rate of oxygen consumption 
(mean ± S.D.) attained during the 200 m trial was 3.33 ± 0.46 Lmin'\ which is 
lower than has been reported for the longer events of 500 m and 1,000 m. 
However, this corresponded to approximately 76% of the subjects’ V02peak 
observed during kayak ergometry, demonstrating that this event requires a 
considerable contribution from aerobic energy pathways. This finding is 
consistent with other literature that has investigated the energy demands of short 
duration exercise (Serresse etal., 1988; Medbo and Tabata, 1989; Byrnes and 
Kearney, 1997). Measurement of post-exercise blood lactate concentrations 
provided values (mean ± S.D.) of 6.7 ±1.7 mmol-L’\  which again are considerably 
lower than the concentrations that have been attained following the 500 m and
1,00 m events. Due to the short duration of the event, it is likely that the 200 m
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requires a high rate of energy transfer from the anaerobic pathways, but is too 
short in duration to maximally stress the individual’s glycolytic capacity, thus 
explaining the relatively low blood lactate concentrations. In contrast to this, the 
collection of post-exercise expired air revealed an excess post-exercise oxygen 
consumption (mean ± S.D.) of 9.9 ± 1.6 L, indicating that the 200 m event requires 
the repayment of a large oxygen deficit developed during the event. The findings 
of this experiment would therefore suggest that the event places considerable 
demands upon the kayakers ability to rapidly resynthesise ATP from both aerobic 
and anaerobic pathways.
The second experiment of this study was designed to investigate the use of a 
kayak ergometer for the physiological assessment of kayakers. This established 
the reliability and validity of such apparatus, thus identifying the accuracy with 
which the physiological assessment of 200 m kayakers could be made. 
Supramaximal ergometry trials revealed a high reproducibility in performance 
measures and physiological parameters, thus demonstrating that the ergometry 
system was reliable for the physiological assessment of kayakers. Further, 
comparison was made between the physiological responses observed during four 
minute trials of maximal kayak ergometry and open water kayaking. Few 
differences were observed in minute ventilation and heart rate, and no differences 
were found between trials for oxygen consumption and post-exercise blood lactate 
concentrations. In addition, it was found that ergometry performance could 
accurately predict the distance covered in a four minute open water kayaking trial 
(R  ^= 0.86, S.E.E. = 18.75 m). Thus the ergometry system demonstrated high 
validity in terms of imposing the actual physiological demands of kayaking upon 
the athlete, indicating that this apparatus was suitable for the subsequent 
assessment of the specific functional capacity of kayakers.
Having identified the physiological responses to the 200 m event, a battery of 
anthropometric and physiological tests was designed to investigate the physical 
characteristics of 200 m kayakers. This provided an outline of the specific 
attributes of these paddlers and the relationship with performance, thus identifying
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the requirement of a range of anthropometric and physiological measures for 
successful 200 m racing. A number of these variables were found to be 
significantly related with 200 m performance, indicating that successful 200 m 
kayakers are characterised by a greater body mass with relatively high levels of 
body fat and well developed upper body musculature. Although the more 
successful kayakers did not exhibit particularly high measures of V0 2 peak, they did 
possess a high maximal aerobic power (measured as the highest work rate 
achieved for a one minute period during a maximal incremental ergometry test) 
and the ability to achieve a high percentage of this maximal aerobic power at the 
lactate threshold. In addition, a high anaerobic power and capacity, and superior 
isometric and isokinetic muscle strength were exhibited by the more successful 
kayakers. Multiple regression analysis models were developed to establish 
whether these data could predict 200 m performance, and to determine the 
variance in performance that was attributable to these factors. The most accurate 
prediction model included the power output associated with the lactate threshold 
and the total work done in a modified Wingate test. These findings support those 
of the first experiment, demonstrating that 200 m racing requires considerable 
development of muscular strength and power, anaerobic capacity and aerobic 
function in kayakers. Further, the total work done in the modified Wingate test 
and forced vital capacity (FVC) together were effective in accurately predicting the 
classification of the kayakers as elite, intermediate or lower ability in 77% of 
cases. This study identified the most important performance influencing factors 
for 200 m racing, thus providing valuable guidelines for the prescription of specific 
physical training, information that was used in the final experiment.
Finally, an investigation was conducted to establish whether the findings relating 
to the physiological demands of the event and the characteristics of 200 m 
kayakers could be effectively used as a basis for the prescription of physical 
training for this event. An experiment group were exposed to an intervention 
programme for six weeks, whilst a control group continued their normal physical 
training. Both the intervention and the control training, produced significant 
improvements in simulated 200 m performance. Significant increases were also
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observed in the estimates of anaerobic power and capacity in all subjects. 
Although there were no significant differences between the two groups, the 
intervention programme did improve simulated 200 m performance by 6.9%, whilst 
the control group demonstrated a 4.1% increase in performance. This difference 
infers an advantage of 1.3 sec in 200 m kayak racing as a result of the 
intervention programme, which in competitive sport of such short duration, is a 
prodigious margin. Therefore the findings of this study showed that an accurate 
knowledge of the physiological demands and requirements of the 200 m event 
could assist in the prescription of effective specific training.
In conclusion, this study provides for the first time, valuable information for sport 
scientists, coaches and athletes regarding the 200 m sprint kayaking event. The 
physiological demands of the event and the physical characteristics of kayakers of 
a range of abilities have been identified, thus highlighting the physiological and 
metabolic nature of the event. The relationship of these parameters with 
performance have been examined, illustrating the factors that are most closely 
associated with 200 m kayaking ability. These findings may also be utilised for 
the prescription of specific training to enhance 200 m performance; it is also 
possible that these data may be of value for talent identification within the sport.
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7.2 L imitations
1. The physiological responses to 200 m kayaking were measured in Chapter 3.
It was not however possible to determine the maximal capacities of these 
subjects using the Cosmed portable gas analyser. Therefore, the responses to 
the 200 m trial have been compared to data from other physiological 
assessments of these subjects. This allowed for the estimation of the oxygen 
consumption and heart rate observed during 200 m paddling, as a percentage 
of V0 2 peak and maximal heart rate.
2. The K1 ERGO kayak ergometer which was used in Chapters 4, 5 and 6 of this 
thesis, was adopted because it offers an excellent simulation of open water 
kayaking. Whilst the reliability of this apparatus was investigated and reported 
in this thesis, the manufacturer’s technical data regarding the accuracy of the 
power outputs provided by the software programme were accepted. The 
ergometry system has no provision for calibration, other than for the elastic 
tension acting on the cords. This may impose limitations on the comparison of 
the power outputs achieved by athletes in this study with those from other 
studies that have employed different ergometers.
3. Sprint kayak racing is a minority sport in Great Britain, therefore the population 
from which the sample could be drawn was limited. Some competitors were 
understandably unwilling to undergo the extensive physiological testing that 
participation in these investigations demanded. As a consequence, the 
samples used throughout this study are limited in size.
4. In Chapter 6, a 45 sec ergometry test was employed to simulate 200 m 
kayaking. Therefore, the efficacy of the specific training programme was 
evaluated in terms of simulated kayaking rather than open water kayaking. 
However, the reliability and validity of the ergometry system, demonstrated in 
Chapter 4, would suggest that this was a valid alternative.
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5. The intervention training programme of the experiment group in Chapter 6 was 
prescribed for the whole group. Therefore the prescription of individual 
training, based upon individual physiological characteristics was not possible. 
Whilst this allowed an examination of the efficacy of this training, it does 
overlook the important training principle of individuality.
Whilst the above limitations impose some restrictions on the results and 
generalisability of this study, they do not detract from the practical value of the 
findings for the sport scientist, coach and athlete participating in sprint kayak 
racing.
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A ppen dix  1 G lossary  of T erm s  and  A bbreviations
2 FBLC The power output associated with the fixed blood lactate concentration 
of 2 mmol'L"\
4 FBLC The power output associated with the fixed blood lactate concentration 
of 2 mmol'L"\
Accumulated Oxygen Deficit (AGO) The deficit between the oxygen cost of 
supramaximal exercise and the measured oxygen consumption. Proposed as a 
measure of anaerobic capacity. Termed the maximal accumulated oxygen 
deficit (MACD) when supramaximal exercise exhausts this deficit.
Anaerobic Work Capacity (AWC) The anaerobic work capacity. Calculated 
from the linear relationship between work rate and time.
ATP-CP The high intensity, short term energy pathway via the hydolysis of high 
energy phosphates (adenosine triphosphate and creatine phosphate).
C Control group - specifically in Chapter 6, undertaking normal training, without 
intervention.
Canoe An open deck craft, propelled with a single bladed paddle.
CHO-ox Carbohydrate oxidation - an estimation of the rate of carbohydrate 
utilisation, based on the respiratory exchange ratio.
COR Coefficient of repeatability - a measure of reproducibility based on the 
differences between two measurements.
Critical Power (CP) The work rate proposed to represent the maximal steady 
state. Calculated from the linear relationship between work rate and time.
CV Coefficient of variation - a measure of the variability of repeated measures.
E Experimental group - specifically in Chapter 6, undertaking an intervention 
training programme.
EPOC Excess post-exercise oxygen consumption - the rate of oxygen 
consumption that exceeds resting levels, during recovery from exercise.
Erg Kayak ergometer trial - specifically in Chapter 4.
FER Forced expiratory ratio - the ratio of FEVi to F VC.
FEVi Forced expiratory volume in one second - the volume expired in the first 
second of a maximal forced expiration.
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FI Fatigue index - the percentage decline in power output during a supramaximal 
ergometry test.
FVC Forced vital capacity - a measure of lung volume, from a maximal forced 
expiration.
HR Heart rate - measured via short wave telemetry.
IP Isokinetic power - the peak power produced during a simulated kayak stroke 
performed using a dynamomter at a specified velocity.
IT Isometric torque - the peak torque achieved during an isometric contraction 
during a simulated kayak stroke performed using a dynamomter.
K1 A single seat racing kayak.
K2 A two seat racing kayak.
K4 A four seat racing kayak.
Kayak An enclosed craft, propelled using a double bladed paddle.
Kayak ergometer Mechanical apparatus that simulates open water kayaking, 
used for land training and physiological assessment.
La Blood lactate concentration - determined via the analysis of whole blood
MAP Maximal aerobic power - the highest mean work rate achieved during a one 
minute period of a maximal ergometry test.
MP Mean power - the mean rate of work achieved during a supramaximal 
ergometry test.
OW Open water kayaking trial - specifically in Chapter 4.
Paddler An athlete who participates in kayaking.
PEF Peak expiratory flow - the peak flow during a forced maximal expiration.
PP Peak power - the peak rate of work achieved during a supramaximal 
ergometry test.
RER Respiratory exchange ratio - the ratio of VCO2 to VO2.
Tiac Lactate threshold - the exercise intensity corresponding to a rapid increase 
in the concentration of blood lactate.
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SR Stroke rate - the mean stroke rate achieved during a kayak ergometry test. 
VE Minute ventilation - the rate of ventilation.
VCO2 The rate of carbon dioxide production and expiration.
VO2 The rate of oxygen consumption.
V02max The maximal rate of oxygen consumption. Measured during whole 
body exercise.
V02peak The peak rate of oxygen consumption measured during any activity in 
which a maximal rate is not observed.
WAnT Wingate Anaerobic Test -  a supramaximal ergometry test employed to 
measure anaerobic parameters.
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A ppendix  2 R esearch  Po rtfo lio  o f  W o rk  R esulting  F rom  T hesis
Conferences Attended and Papers Presented
1995 British Association of Sport and Exercise Sciences Annual Conference, 
Belfast, Nl: An investigation into the use of a kayak ergometer for the 
determination of blood lactate profiles in international kayakers. (Poster)
1996 British Association of Sport and Exercise Sciences Annual Conference, 
Lilleshall National Sports Centre: Supramaximal testing on a kayak 
ergometer: reliability and physiological responses. (Oral)
1997 British Association of Sport and Exercise Sciences Annual Conference, 
York: Critical power as a determinant for estimating maximum lactate 
steady state in elite kayakers. (Poster)
1997 European College of Sport Science Annual Conference - Manchester, 
Relationship of anthropometric and physiological parameters with 200 m 
sprint kayak performance. (Poster)
1998 American College of Sports Medicine Annual Conference - Orlando, Fla., 
Comparison of physiological responses to simulated and open water sprint 
kayak racing. (Oral)
1998 British Association of Sport and Exercise Sciences Annual Conference, 
Worcester: Physiological responses to 200 m sprint kayak racing. (Poster)
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A ppendix  3 Pr e -tes t  Health Sc reening  Q uestionnaire
Human Performance Lab
Pre-test Questionnaire
TEST DATE
NAME DOB
As you are to be a subject in this laboratory, we would be grateful if you complete the following 
questionnaire. It is important for our use and safety reasons. Please answer the questions as accurately and 
concisely as possible. Any information given will be treated as CONFIDENTIAL.
1. How would you define your present level of fitness?
Very unfit/moderately fit/trained/highly trained *
2. How would you consider your present body weight?
Underweight/ideal weight/ slightly overweight/very overweight *
3. Do you, or have you in the past been a smoker? YES/NO * (if not go to Q.4)
If yes, I am a regular smoker/occasional smoker/ex-smoker * (please indicate years since stopping).
4. Have you had to consult with your doctor in the last six months? YES/NO *
If yes, please give details overleaf.
5. Do you currently take any form of medication? YES/NO *
If yes, please give details overleaf.
6. Do you, or have you suffered a heart complaint? YES/NO *
If yes, please give details overleaf.
7. Do you, or have you ever suffered fi’om:
Asthma YES/NO Diabetes YES/NO Bronchitis YES/NO Epilepsy YES/NO*
8. Do you currently have any form of muscular or joint injury? YES/NO *
If yes, please give details.
9. Have you had to suspend your training in the last two weeks? YES/NO *
10. — Do you feel well rested? YES/NO *
11. Time of last meal?__________Normal/Big/Small *
12. Is there anything to the best of your knowledge that may prevent you successfiilly 
completing the tests that have been described to you? YES/NO *
Signature of subject 
Signature of test supervisor 
* Delete as appropriate.
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A ppen dix  4  Info rm ed  Co n sen t  Form s  for  C hapters  3 , 4 , 5  a nd  6 
ST. MARY’S HUMAN PERFORMANCE LAB. 
INFORMED CONSENT FOR A 200-m KAYAKING TEST.
I am being asked to participate in a kayaking test on the water. The test will consist of two maximal 
200m efforts, separated by a period of passive recovery, during which time earlobe blood samples 
will be taken. I understand that throughout the test I will be wearing a face-mask attached to a 
portable gas analyser.
There exists a risk of certain changes occurring during or following the test. The potential risks 
include loss of balance, disorders of heart beats, abnormal blood pressure, fainting, vomiting and in 
rare instances, heart attack or death. I may also experience localised muscle pain, with soreness 
persisting for more than one day.
Every effort will be made to minimise the above risks and discomforts through the provision of 
complete instructions, and by observation of signs and symptoms during the test. All necessary 
health and safety precautions will be taken during blood sampling to avoid contamination.
The information which is obtained during the test will be treated as privileged and confidential, and 
will not be released to any unauthorised personnel, except my coach, without my consent. The 
information obtained may however be used for statistical purposes with my right of privacy retained.
Further details about the test have been discussed with the test administrator and any questions 
which have arisen have been answered to my satisfaction. Permission for this test is voluntary and I 
am able to withdraw from the test at any time should I so wish, whatever the reason, without penalty.
I have read and fully understood this form and hereby give my consent to participate in this test.
Subject.............................................
Test administrator.............................
Date................................................
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ST. MARY’S HUMAN PERFORMANCE LAB.
INFORMED CONSENT FOR AN ANAEROBIC KAYAKING TEST.
I am being asked to participate in two anaerobic tests on a kayak ergometer; separated by 1 week. I 
am asked to record diet and exercise for 24 hr before each test. Each test will consist of a 10 min 
warm-up at a light exercise intensity, followed by a 30 sec maximal effort. On one of the testing 
occasions, earlobe/flnger-tip blood samples will be taken immediately after the 30 sec test. I 
understand that the 30 sec test requires me to paddle as hard and as fast as possible.
There exists a risk of certain changes occurring during or following the test. The potential risks 
include loss of balance, disorders of heart beats, abnormal blood pressure, fainting, vomiting and in 
rare instances, heart attack or death. I may also experience localised muscle pain, with soreness 
persisting for more than one day.
Every effort will be made to minimise the above risks and discomforts through the provision of 
complete instructions, and by observation of signs and symptoms during the test. All necessary 
health and safety precautions will be taken during blood sampling to avoid contamination.
The information which is obtained during the test will be treated as privileged and confidential, and 
will not be released to any unauthorised personnel, except my coach, without my consent. The 
information obtained may however be used for statistical purposes with my right of privacy retained.
Further details about the test have been discussed with the test administrator and any questions 
which have arisen have been answered to my satisfaction. Permission for this test is voluntary and I 
am able to withdraw from the test at any time should I so wish, whatever the reason, without penalty.
I have read and fully understood this form and hereby give my consent to participate in this test.
Subject.............................................
Test administrator.............................
Date................................................
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ST. MARY’S HUMAN PERFORMANCE LABORATORY.
IN FO R M E D  CO NSENT FO R  K A Y A K IN G  TEST B A TTE R Y .
I am being asked to participate in three testing sessions as part of a study into the physiology of 
200m kayak paddling.
The first session will serve as a familiarisation with equipment and protocols. This will involve 
steady state paddling, followed by a 30 second maximal sprint, both performed on a kayak 
ergometer. I will also perform a strength and power test through a simulated paddle stroke on a 
dynamometer, and a lung fonction test.
The second session will involve a maximal 30 second sprint and an incremental test to exhaustion, 
performed on the kayak ergometer, as well as some anthropometric measurements.
The third session will involve a strength and power test on the dynamometer simulating a paddle 
stroke, a lung fonction test, a 2 minute and a 10 minute exhaustive test on the kayak ergometer, and 
further anthropometry.
I understand that during these tests I will sometimes be required to wear a face mask to measure 
expired gases; and that earlobe blood samples will be taken.
There exists a risk of certain changes occurring during or following the tests. The potential risks 
include loss of balance, disorders of heart beats, abnormal blood pressure, fainting, vomiting and in 
exceptionally rare instances heart attack or death. I may also experience localised muscle pain, with 
soreness persisting for more than one day.
Every effort will be made to minimise the above risks and discomforts through the provision of 
complete instructions, and by observation of signs and symptoms during the testing sessions. All 
necessary health and safety precautions will be taken during blood sampling to avoid contamination.
The information which is obtained during the test will be treated as privileged and confidential, and 
will not be released to any unauthorised personnel without my consent. The information obtained 
may however be used for statistical purposes with my right of privacy retained.
Further details about the tests have been discussed with the test administrator and any questions 
which have arisen have been answered to my satisfaction. Permission for these tests is voluntary and 
I am able to withdraw from the tests at any time should I so wish, whatever the reason, without 
penalty.
I have read and folly understand this form and hereby give my consent to participate in these testing 
sessions.
Signed ................
Test administrator 
Date...................
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ST. MARY’S HUMAN PERFORMANCE LABORATORY.
IN FO R M E D  CO NSENT FO R  K A Y A K  T R A IN IN G  STUDY.
I am being asked to participate in an eight week study designed to investigate the efficacy of a 
specific sprint kayak training programme.
I understand that I will either undergo an eight week training programme provided by the test 
investigator or that I will perform my normal training over this period without intervention from the 
test investigator. During this period I will keep records of my training which shall be provided for the 
test investigator at the end of the study period.
Participation in this study will involve my attending the Human Performance Laboratory at St. 
Mary’s College both at the beginning and end of the study period. During these occasions I will 
complete a number of physiological tests performed on an air-braked kayak ergometer. I understand 
that during these tests I will sometimes be required to wear a face mask to measure expired gases; 
and that earlobe blood samples will be taken.
There exists a risk of certain changes occurring during or following the laboratory tests. The 
potential risks include loss of balance, disorders of heart beats, abnormal blood pressure, fainting, 
vomiting and in exceptionally rare instances heart attack or death. I may also experience localised 
muscle pain, with soreness persisting for more than one day.
Every effort will be made to minimise the above risks and discomforts through the provision of 
complete instructions, and by observation of signs and symptoms during the testing sessions. All 
necessary health and safety precautions will be taken during blood sampling to avoid contamination.
The information which is obtained during the tests will be treated as privileged and confidential, and 
will not be released to any unauthorised personnel without my consent. The information obtained 
may however be used for statistical purposes with my right of privacy retained.
Further details about the tests have been discussed with the test administrator and any questions 
which have arisen have been answered to my satisfaction. Permission for these tests is voluntary and 
I am able to withdraw fi’om the tests at any time should I so wish, whatever the reason, without 
penalty.
I have read and fully understand this form and hereby give my consent to participate in these testing 
sessions.
Signed ................
Test administrator 
Date...................
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A ppen dix  5 O utline  of T est  Battery  T im etable  fo r  C hapter  5
TEST SESSION 1:
Time: 0 min PRE-TEST HEALTH SCREENING QUESTIONNAIRE
Time: 20 min ANTHROPOMETRY 1
• Stature
• Sitting Height
• Skinfolds
Time: 35 min 30 sec MODIFIED WINGATE ANAEROBIC TEST
Time: 60 min PULMONARY FUNCTION
Time 70 min INCREMENTAL MAXIMAL ERGOMETRY TRIAL
TEST SESSION 2:
Time: 0 min PRE-TEST HEALTH SCREENING QUESTIONNAIRE
Time: 20 min ANTHROPOMETRY 2
• Arm span
• Girth Measurements
• Bone breadths
Time: 35 min 2 min ERGOMETRY TRIAL
Time: 70 min STRENGTH & POWER DYNAMOMETRY
Time: 90 min 10 min ERGOMETRY TRIAL
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A ppen dix  6 S um m ary  of C om parison  B etw een  Gas A nalysis System s
In Chapter 5, subjects were exposed to a battery of anthropometric and 
physiological tests. Of the physiological assessments made, the incremental 
maximal ergometry test and the 2 min supramaximal ergometry test involved the 
analysis of expired gas. For the lower ability group, this was done using a Covox 
on-line system (Covox, Fitness Research Systems Ltd., U.K.); for the elite and 
intermediate groups an Oxycon on-line system was employed (Oxycon Alpha, 
Mijnhardt b.v.. The Netherlands). Consequently, a comparison between the two 
systems for the measurement of oxygen consumption was required.
Six male subjects performed repeated trials on separate occasions, at the same 
time of day. The protocol consisted of treadmill running, in which running speed 
was increasing by 2 km h  ^every 4 min. Oxygen consumption was averaged for 
the final minute of each stage for statistical comparison, raw data are provided 
below.
Subject
Treadmill Speed (km h *)
Trial 12 14 16 18
1 Covox 3.07 3.58 4.23 4.95
Jaeger 3.18 3.69 4.22 4.76
2 Covox 2.53 2.95 3.60 4.21
Jaeger 2.42 2.88 3.36 3.71
3 Covox 3.36 3.94 4.39 4.71
Jaeger 3.05 3.61 4.08 4.42
4 Covox 2.85 3.67 4.31 4.61
Jaeger 2.86 3.30 3.96 4.22
5 Covox 3.10 3.63 3.82 4.39
Jaeger 2.91 3.29 3.66 4.12
6 Covox 2.78 3.35 3.84 4.36
Jaeger 2.81 3.19 3.72 3.85
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Regression analysis was employed to compare the VO2 data from the two trials. 
Linear, quadratic, exponential and power functions were fitted to the data to 
obtain the best fit. The results of the best fitting functions are shown in the table 
below.
Regression functions for gas analysis
Function F P bO bl b2
Linear 0.939 337.52 0.000 0.346 0.853
Quadratic 0.941 168.09 0.000 1.236 0.360 0.066
The above table indicates that the quadratic function provided the best fit to the 
data (R  ^= 0.941), therefore the following equation was applied to Covox data:
y = 1.236 + O.SeOx + 0.066x^
This allowed for the correction of all data collected using the Covox system to 
allow comparison with that from the Oxycon Alpha system.
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Appendix 7 C o rre la t io n  co e ffic ien ts  f o r  an th ro p o m etric  and P h ysio log ica l 
CHARACTERISTICS WITH 200 M PERFORMANCE
All Subjects (n = 39) Elite (n = 13) Intermediate (n = 13) Lower (n = 13)
Body mass (kg) -0.49, p<  0.01 -0.26, NS -0.16, NS -0.33, NS
Stature (cm) -0.22, NS 0.37, NS 0.03, NS -0.23, NS
Sitting hei^t (cm) -0.23, NS 0.44, NS -0.11,NS -0.23, NS
Arm span (cm) -0.28, NS -0.08, NS -0.05, NS -0.18, NS
Sum of 4 skinfolds (mm) -0.35, p<  0.05 -0.76, p<  0.01 0.01, NS -0.52, NS
Body fat (%) -0.33, p<  0.05 -0.72, p<  0.01 0.13, NS -0.34, NS
Lean body mass (kg) -0.44, p<  0.01 0.189, NS -0.29, NS -0.28, NS
Girth Measurements
Upper arm (cm) -0.02, NS -0.21, NS 0.09, NS -0.01, NS
Upper arm, tensed (cm) -0.51, p<  0.01 -0.17, NS 0.04, NS -0.37, NS
Forearm (cm) -0.51, p<  0.01 -0.43, NS 0.14, NS -0.35, NS
Forearm, tensed (cm) -0.41, p <  0.05 -0.38, NS 0.17, NS -0.07, NS
Chest (cm) -0.63, p<  0.001 -0.38, NS 0.12, NS -0.39, NS
Calf (cm) -0.33, NS -0.34, NS 0.14, NS N/A
Bone Breadths
Humerus (cm) -0.61, p<  0.01 -0.76, p<  0.01 0.15, NS N/A
Femur (cm) -0.28, NS -0.39, NS 0.23, NS N/A
Somatotvpe
Ectomorphy 0.24, NS 0.53, NS -0.21, NS N/A
Mesomorphy -0.35, NS -0.42, NS 0.21, NS N/A
Endomoiphy -0.16, NS -0.66, p < 0.05 0.04, NS N/A
Pulmonary function
FVC(L) -0.48, p< 0.01 0.39, NS 0.69, p< 0.01 0.02, NS
FEV1(L) -0.46, p<  0.01 0.72, p<  0.01 0.72, p<  0.01 0.02, NS
FER(%) -0.09, NS 0.49, NS 0.08, NS -0.02, NS
PEF (mlsec *) -0.39, p<  0.05 0.42, NS 0.30, NS 0.12, NS
Aerobic oarameters
VOipeak (L-min"’) 0.02, NS 0.27, NS 0.06, NS -0.11, NS
VQzpeak (mlkg"'min"') 0.28, NS 0.54, p < 0.05 -0.08, NS 0.29, NS
MAP (Watts) -0.65, p < 0.001 0.17, NS -0.29, NS -0.10, NS
The (Watts) -0.72, p< 0.001 0.49, NS -0.16, NS -0.76, p < 0.01
The (%V02peak) -0.37, p<  0.05 -0.51, NS 0.02, NS -0.33, NS
The (%MAP) -0.22, NS 0.01, NS 0.21, NS -0.59, p<  0.05
2 FBLC (Watts) -0.51, p<  0.01 0.37, NS 0.04, NS -0.38, NS
4 FBLC (Watts) -0.62, p< 0.01 0.23, NS -0.14, NS -0.43, NS
10 min work (kJ) -0.49, p<  0.01 0.15, NS -0.06, NS -0.15, NS
CP (Watts) -0.39, p<  0.05 0.09, NS -0.16, NS -0.26, NS
Anaerobic parameters
WAnT PP (Watts) -0.76, p<  0.001 -0.25, NS -0.29, NS -0.64, p < 0.05
WAnT woik(kJ) -0.80, p<  0.001 -0.34, NS -0.39, NS -0.60, p<  0.05
WAnTFI(%) -0.43, p<  0.01 0.05, NS -0.17, NS -0.31, NS
WAnT La (mmol-L"') -0.47, p < 0.01 -0.39, NS -0.78, p<  0.001 0.20, NS
2 min work (kJ) -0.75, p<  0.001 -0.01, NS -0.43, NS -0.41, NS
2 min La (mmol L"') -0.23, NS -0.38, NS -0.63, p<  0.05 0.31, NS
AWC(kJ) -0.76, p<  0.001 -0.28, NS -0.36, NS -0.34, NS
AOD (ml O2 Eqkg"') -0.36, p < 0.05 -0.14, NS -0.09, NS -0.37, NS
Dvnamometrv
IT(Nm -') -0.54, p< 0.001 -0.01, NS -0.02, NS -0.31, NS
IP (Watts) -0.44, p<  0.01 -0.25, NS -0.17, NS -0.31, NS
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A ppendix  8 Intervention  T raining  Program m e  for  C hapter  6
TRAINING PROGRAMME
Below is an outline of the type and number of sessions to be completed each 
week depending on how many times a week you will be training. Overleaf is the 6 
week training programme. Sessions have been numbered - so for example if you 
train 9 times a week then you do all the sessions numbered up to 9 and ignore 
sessions that are numbered above 9.
The order in which you do the sessions each week is not too important, so you 
can change the order to fit in with your normal training times. However, you 
should avoid doing two similar or two very hard work-outs on consecutive 
sessions.
Training 6 times a week:
1 aerobic session
1 threshold session
2 anaerobic capacity sessions 
1 speed session
1 strength and power session
Training 7 times a week:
1 aerobic session
1 threshold session
2 anaerobic capacity sessions
1 speed session
2 strength and power sessions
Training 8 times a week:
1 aerobic session
2 threshold sessions
2 anaerobic capacity sessions
1 speed session
2 strength and power sessions
Training 9 times a week:
1 aerobic session
2 threshold sessions
3 anaerobic capacity sessions
1 speed session
2 strength and power sessions
Training 10 times a week:
2 aerobic sessions
2 threshold sessions
3 anaerobic capacity sessions
1 speed session
2 strength and power sessions
Training 11 times a week:
2 aerobic sessions
2 threshold sessions
3 anaerobic capacity sessions 
2 speed sessions
2 strength and power sessions
Training 12 times a week:
2 aerobic sessions
2 threshold sessions
3 anaerobic capacity sessions
2 speed sessions
3 strength and power sessions
219
strength and Power sessions may either be done in the gym or on the water
If you are training in the gym then you should be doing about 3 sets of between 10 
and 12 reps on 6 exercises:
Bench Pulls Bench Press Lat Pull Downs
Overhead Press Chins Abdominal Crunches
with 2 to 3 min recovery between sets.
Strength and Power work may be done on the water through increasing 
resistance, for example by using a bungee. You will need to perform a number of 
maximal efforts for about 10 to 20 seconds, e.g:
-1 5  x 30 stroke efforts with 2 min rest, using a bungee
- 3 pyramids of 20, 30, 40, 30, 20 stroke efforts going every 2 min, using a 
bungee.
- 20 X 20 stroke standing starts with 2 min rest
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Week 1 
Day 1 “ Strength & Power ""Anaerobic Capacity 2 sets of: 1 min on, 1 min off x 8. 
4 min rest between sets
Day 2 °Speed 
12x30 sec on, 3 min off
" Threshold 
8.7.6.5.4,3.2.1 min on, 1 min off
Day 3 Strength & Power “Anaerobic Capacity 6 sets of: 30 sec on, 30 sec off x 4. 
3 min rest between sets
Day 4 "“Aerobic 
2 X 25 min efforts
' Strength & Power
Day 5 REST REST
Day 6 ° Threshold 
8 X1,000 m efforts with 2 min rest
“Anaerobic Capacity 
2 pyramids of: 40,50,60,70,80,90,100,90,80,70,60,50,40 
strokes, with 40 stroke rest. 5 min rest between sets
Day? “Aerobic 
60 min of 3 min leads
" Speed 
8x1 min on. 4 min off
Day 1 ® Strength & Power ""Anaerobic Capacity 5 sets of: 40 sec on, 20 sec off x 4. 
3 min rest between sets
Day 2 ° Speed 
10x45 sec on, 3 min off
“ Threshold 
3 X 5 min on, 1 min off; 3 min rest. 
3x4 min on, 1 min off; 3 min rest. 
3 X 3 min on. 1 min off: 3 min rest.
Day 3 Strength & Power “Anaerobic Capacity 8 X 500 m efforts with 3 min off
Day 4 '“Aerobic 
3x15 min efforts
' Strength & Power
Day 5 REST REST
Day 6 ° Threshold 
10x4 min on, 1 min off
“Anaerobic Capacity 
5 sets of: 30 sec on, 15 sec off x 6. 
3 min rest between sets
Day? “Aerobic 
10,000 m race / time trial
“ Speed 
6x200 m
Day 1 " Strength & Power ""Anaerobic Capacity 2 sets of: 1 min on, 1 min off x 8. 
4 min rest between sets
Day 2 “Speed 
2 pyramids of:
30,45, 60,45, 30 sec efforts 
with 3 min rest between all
" Threshold 
2 sets of: 3,4,5,4,3 min on, 1 min off 
4 min rest between sets
Day 3 Strength & Power “Anaerobic Capacity 6 sets of: 30 sec on, 30 sec off x 4. 
3 min rest between sets
Day 4 '“Aerobic 
5x10 min efforts
" Strength & Power
Day 5 REST REST
Day 6 ° Threshold 
3 sets of: 6 ,5 ,4  min on, 1 min off 
3 min rest between sets
“Anaerobic Capacity 
2 pyramids of: 40,50,60,70,80,90,100,90,80,70,60,50,40 
strokes, with 40 stroke rest.
5 min rest between sets
Day? “Aerobic 
8 mile steady paddle
“ Speed 
12x30 sec on, 3 min off
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Week 4
Day 1 " Strength & Power “Anaerobic Capacity 
5 sets of; 40 sec on, 20 sec off x 4. 
3 min rest between sets
Day 2 “Aerobic 
2 X 25 min efforts
“ Threshold 
8,7,6,5,4,3,2,1 min on, 1 min off
Day 3 ' Strength & Power "“Anaerobic Capacity 
8 X 500 m efforts with 3 min off
Day 4 REST “Speed 
8x1 min on, 4 min off
Days REST REST
Day 6 NOTTINGHAM REGATTA
Day 7
Weeks
Day 1 “ Strength & Power “Anaerobic Capacity 
5 sets of: 30 sec on, 15 sec off x 6. 
3 min rest between sets
Day 2 “Speed
10x45 sec efforts with 3 min rest
“ Threshold 
10x4 min on, 1 min off
Day 3 Strength & Power “Anaerobic Capacity 
2 sets of: 1 min on, 1 min off x 8 
4 min rest between sets
Day 4 "“Aerobic 
2 X 25 min efforts
' Strength & Power
Days REST REST
Day 6  ^Threshold 
3x5  min on, 1 min off; 3 min rest 
3x4 min on, 1 min off; 3 min rest 
3x3  min on, 1 min off
'^Anaerobic Capacity 
6 sets of: 30 sec on, 30 sec off x 4. 
3 min rest between sets
Day? “Aerobic 
60 min of 3 min leads
""Speed 
6x200 m
Week 6
Day 1 “ Strength & Power “Anaerobic Capacity 
2 pyramids of:
40,50,60,70,80,90,100,90,80,70,60,50,40 strokes efforts with 
40 stroke rest.
5 min rest between sets
Day 2 “ Speed 
2 pyramids of:
30,45,60,45, 30 sec efforts 
with 3 min rest between all
“ Threshold 
8 X 1,000 m efforts with 2 min rest
Day 3 """ Strength & Power “Anaerobic Capacity 
5 sets of; 40 sec on, 20 sec off x 4. 
3 min rest between sets
Day 4 '^^ Aerobk:
3 X 15 min efforts
' Strength & Power
Day 5 REST REST
Day 6 “ Threshold 
2 sets of: 3 ,4,5 ,4 , 3 min on, 1 min off. 
3 min rest between sets
“Anaerobic Capacity 
8 X 500 m efforts with 3 min rest
Day? “Aerobic 
10,000 m race / time trial 
or 8 mile steady paddle
""Speed 
12x30 sec efforts with 3 min off
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A ppendix 9 W eight T raining Exercises for Chapter 6
Bench Pulls - subject lies prone on bench and pulls barbell from ground to 
bench.
Principal muscles used are biceps brachii, brachialis, brachioradialis, latissimus 
dorsi and posterior deltoids.
Bench Press - subject lies supine on bench, pressing barbell from chest.
Principal muscles used are pectoralis major, anterior deltoids, triceps brachii and 
serratus anterior.
Lat. Pull-downs - (using fixed weights apparatus) subject is seated, pulling bar 
from overhead to behind neck.
Principal muscles used are latissimus dorsi, biceps brachii and rhomboideus 
major.
Overhead Shoulder Press - subject is seated, pressing dumbells from shoulders 
to above head.
Principal muscles used are deltoids and triceps brachii.
Single Arm Pulls - (using fixed weights apparatus) subject is seated, pulling 
weight to hip.
Principal muscles used are posterior deltoids, latissimus dorsi, teres major, 
internal and external obliques.
Abdominal Crunches - subject lies supine on ground, sitting up, with bent knees. 
Principal muscles used are rectus abdominus.
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A ppendix 10 Summaries of Raw  Data from Experiments
c h a p t e r  3 - PHYSIOLOGICAL RESPONSES TO 200 M KAYAKING
SUBJECT AGE HEIGHT MASS TIME V02 V02/kg PEAK VE La 3 La 5 La 7 HR EPOC (L) EPOC/kg
1 20 186.0 76.0 39.0 3.62 47.6 133.5 5.0 5.2 5.1 158 10.50 130.0
2 28 173.5 70.0 42.2 2.94 42.0 107.0 5.3 5.0 4.5 174 8.68 124.1
3 24 183.0 77.5 41.8 3.55 45.5 137.1 4.8 4.5 4.6 164 9.07 116.2
4 18 183.5 90.5 39.0 3.77 41.9 146.5 5.6 7.1 6.8 176 11.43 127.0
5 25 184.0 78.0 40.0 3.61 46.3 133.3 5.3 7.2 6.9 166 8.78 112.6
5 37 175.0 82.5 38.7 3.51 42.5 174.0 7.5 10.0 8.8 171 12.73 163.3
7 25 183.5 81.0 40.5 3.51 43.3 148.5 8.8 8.2 189 11.55 142.7
8 22 180.0 68.0 45.2 2.75 40.5 129.0 6.3 6.2 166 8.15 119.9
9 35 173.0 82.5 43.8 2.41 30.5 122.0 6.4 6.0 161 7.89 95.1
10 19 189.0 80.5 43.4 3.67 45.9 147.9 4.6 5.9 5.9 168 9.74 121.7
MEAN 25.3 181.1 78.7 41.4 3.33 42.6 137.9 5.4 6.6 6.3 169 9.85 125.3
S.D. 6.4 5.5 6.5 2.3 0.46 4.8 18.0 1.0 1.7 1.4 9.4 1.63 18.1
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C H A P TE R  4  - R ELIA B IL ITY  O F  K1 E R G O
SUBJECT PP1 PP2 PPCV W0RK1 W0RK2 WORK CV HR1 HR2 HRCV LAI LA2 LACV
1 304 321 3.8 7.72 8.17 4.0 175 173 0.8 5.9 6.4 5.7
2 441 438 0.5 10.52 10.73 1.4 160 162 0.9 7.7 9 11.0
3 441 431 1.6 9.54 9.39 1.1 177 179 0.8 7.2 7.3 1.0
4 418 413 0.9 10.17 10.13 0.3 192 190 0.7 7.8 7.3 4.7
5 422 404 3.1 10.05 10.06 0.1 180 176 1.6 9 8 8.3
6 450 445 0.8 11.09 11.21 0.8 185 184 0.4 9.3 9.4 0.8
7 307 311 0.9 8.56 8.35 1.8 165 166 0.4 6.7 6.6 1.1
8 243 268 6.9 6.26 6.43 1.9 157 158 0.4 3.4 4.4 18.1
9 409 418 1.5 9.78 9.98 1.4 165 166 0.4 9.6 9.8 1.5
MEAN 381.7 383.2 2.2 9.30 9.38 1.4 172.9 172.7 0.7 7.4 7.6 5.8
S.D. 76.0 65.2 2.1 1.52 1.49 1.2 11.9 10.6 0.4 1.9 1.7 5.9
C H A P T E R  4  - V A L ID IT Y  O F K1 ER G O
SUBJECT: 1 2 3 4 5 6 7 8 9 MEAN S.D.
OW TRIAL
V02 0 1.41 1.41 1.56 1.45 1.77 0.69 1.44 1.03 1.47 1.36 0.31
30 2.24 1.97 2.80 1.71 1.83 1.14 2.65 2.06 1.99 2.04 0.49
60 3.94 3.40 4.13 3.33 2.66 2.71 4.11 3.50 2.95 3.41 0.56
90 4.27 4.06 4.52 3.87 3.13 3.37 4.40 3.84 3.21 3.85 0.51
120 4.52 4.18 4.58 4.06 3.28 3.69 4.60 3.81 3.36 4.01 0.51
150 4.80 4.04 4.63 3.99 3.30 3.76 4.63 3.77 3.40 4.04 0.55
180 4.59 4.02 4.54 4.08 3.30 3.54 4.37 3.76 3.41 3.96 0.48
210 4.92 4.06 4.40 4.36 3.31 3.73 4.39 3.78 3.47 4.05 0.52
240 4.72 4.09 4.32 4.71 3.42 3.73 4.44 3.98 3.46 4.10 0.49
VC02 0 1.52 1.53 1.67 1.59 2.17 0.72 1.62 1.31 1.57 1.52 0.38
30 2.40 2.17 3.00 1.91 2.09 1.15 2.70 2.16 2.20 2.20 0.52
60 4.19 3.86 4.02 3.36 2.88 2.79 4.05 3.49 3.34 3.55 0.51
90 4.97 4.91 4.61 4.10 3.59 3.77 4.66 4.12 3.82 4.28 0.52
120 5.40 5.19 4.88 4.45 3.94 4.42 5.09 4.21 3.99 4.62 0.54
150 5.64 5.06 4.98 4.32 3.92 4.53 5.20 4.16 4.02 4.65 0.59
180 5.30 4.89 4.90 4.42 3.91 4.04 4.90 4.11 3.98 4.49 0.51
210 5.66 4.81 4.74 4.79 3.87 4.31 4.90 4.09 4.00 4.58 0.56
240 5.17 4.76 4.63 5.14 3.94 4.21 4.97 4.24 3.94 4.55 0.49
RER 0 1.08 1.08 1.07 1.09 1.23 1.04 1.13 1.27 1.07 1.12 0.08
30 1.07 1.10 1.07 1.11 1.15 1.00 1.02 1.05 1.11 1.08 0.05
60 1.06 1.14 0.97 1.01 1.08 1.03 0.99 1.00 1.13 1.05 0.06
90 1.16 1.21 1.02 1.06 1.15 1.12 1.06 1.07 1.19 1.12 0.07
120 1.19 1.24 1.07 1.10 1.20 1.20 1.11 1.11 1.19 1.16 0.06
150 1.18 1.25 1.07 1.08 1.19 1.20 1.12 1.10 1.18 1.15 0.06
180 1.15 1.22 1.08 1.08 1.18 1.14 1.12 1.09 1.17 1.14 0.05
210 1.15 1.19 1.08 1.10 1.17 1.15 1.12 1.08 1.15 1.13 0.04
240 1.10 1.16 1.07 1.09 1.15 1.13 1.12 1.07 1.14 1.11 0.03
VE 0 44.41 42.82 49.79 44.94 56.84 20.70 39.44 41.30 52.67 43.66 10.28
30 77.03 72.19 97.07 59.29 60.79 33.98 64.99 68.93 75.83 67.79 16.96
60 121.40 120.58 121.75 102.00 82.63 80.48 90.09 107.80 110.76 104.17 16.43
90 135.56 143.65 133.24 120.08 101.97 105.32 98.33 125.67 120.97 120.53 15.88
120 145.10 149.86 138.03 127.31 113.37 128.58 102.39 128.18 122.12 128.33 14.90
150 152.62 149.53 140.22 122.20 114.08 139.51 103.10 126.68 122.50 130.05 16.56
180 152.10 150.09 138.62 126.55 116.64 127.50 97.68 125.86 122.55 128.62 16.82
210 171.75 149.84 136.68 144.96 119.04 139.09 98.46 126.23 126.08 134.68 20.72
240 149.17 147.12 135.71 170.16 122.42 136.89 102.18 129.60 124.86 135.35 19.22
CHO 0 2.43 2.45 2.64 2.60 4.24 1.08 2.81 2.67 2.46 2.60 0.80
30 3.77 3.59 4.71 3.23 3.71 1.57 3.86 3.28 3.66 3.49 0.84
60 6.50 6.73 5.12 4.66 4.61 4.02 5.34 4.71 5.79 5.28 0.91
90 9.01 9.43 6.58 6.30 6.37 6.41 7.17 6.50 7.16 7.21 1.19
120 10.16 10.32 7.60 7.32 7.51 8.36 8.48 7.01 7.43 8.24 1.23
150 10.37 10.16 7.87 6.94 7.33 8.64 8.88 6.90 7.48 8.29 1.32
180 9.49 9.47 7.85 7.09 7.27 7.10 8.37 6.70 7.23 7.84 1.05
210 10.07 8.97 7.53 7.89 7.07 7.72 8.33 6.56 7.17 7.92 1.07
240 8.47 8.61 7.28 8.39 7.02 7.28 8.49 6.60 6.89 7.67 0.81
HR 0 104.0 94.5 127.3 104.5 148.8 121.0 116.5 147.3 120.5 19.9
30 160.8 152.5 171.3 162.2 162.7 172.0 156.2 174.3 164.0 7.9
60 169.0 173.5 183.8 181.8 177.3 175.8 173.5 186.3 177.6 5.9
90 170.7 178.5 185.0 185.2 181.8 177.2 181.0 187.8 180.9 5.5
120 172.3 177.5 187.0 184.0 183.7 180.0 182.5 187.2 181.8 5.0
150 172.3 177.7 188.3 183.3 184.0 181.3 184.2 187.5 182.3 5.2
180 172.5 178.5 188.8 185.2 186.5 183.2 185.3 188.0 183.5 5.5
210 172.3 179.3 188.2 186.2 188.0 184.7 185.8 188.8 184.2 5.6
240 172.8 179.8 190.2 187.8 190.2 184.7 187.8 189.2 185.3 6.1
C H A P T E R  4  - V A L ID IT Y  O F  K1 ER G O
SUBJECT: 1 2 3 4 5 6 7 8 9 MEAN S.D.
Erg TRIAL
V02 0 2.82 1.03 1.56 2.02 0.95 1.42 1.46 1.37 1.59 1.58 0.56
30 3.76 2.05 2.27 1.66 1.13 2.79 1.36 2.14 1.82 2.11 0.79
60 4.33 3.18 3.34 2.97 2.10 3.53 2.66 3.50 2.49 3.12 0.66
90 4.51 3.61 3.88 3.66 2.88 3.62 3.63 4.31 2.92 3.67 0.54
120 4.51 3.70 4.13 3.97 3.13 3.66 4.21 4.48 3.12 3.88 0.52
150 4.53 3.83 4.23 4.04 3.25 3.65 4.28 4.58 3.26 3.96 0.50
180 4.60 3.85 4.33 3.95 3.24 3.66 4.21 4.72 3.30 3.98 0.53
210 4.58 3.81 4.37 3.91 3.29 3.64 3.94 4.77 3.42 3.97 0.51
240 4.69 3.99 4.43 3.95 3.35 3.84 4.13 4.95 3.47 4.09 0.53
VC02 0 2.55 0.94 1.51 1.83 1.07 1.44 1.60 1.24 1.84 1.56 0.49
30 3.67 2.16 2.41 1.71 1.21 2.90 1.54 2.17 2.01 2.20 0.74
60 4.61 3.57 3.36 3.00 2.16 3.96 2.54 3.40 2.56 3.24 0.77
90 5.19 4.28 3.88 3.76 3.16 4.27 3.63 4.50 3.11 3.98 0.66
120 5.21 4.49 4.37 4.34 3.75 4.41 4.57 5.05 3.47 4.41 0.55
150 5.07 4.61 4.40 4.44 4.00 4.36 4.70 5.14 3.65 4.48 0.47
180 5.06 4.50 4.52 4.27 3.92 4.32 4.60 5.29 3.75 4.47 0.49
210 5.03 4.38 4.61 4.18 3.90 4.26 4.40 5.18 3.85 4.42 0.46
240 5.16 4.51 4.79 4.16 3.95 4.59 4.74 5.41 3.96 4.58 0.51
RER 0 0.91 0.91 0.97 0.91 1.13 1.01 1.10 0.91 1.16 1.00 0.10
30 0.98 1.05 1.06 1.03 1.07 1.04 1.14 1.01 1.10 1.05 0.05
60 1.07 1.12 1.01 1.01 1.03 1.12 0.95 0.97 1.03 1.03 0.06
90 1.15 1.18 1.00 1.03 1.10 1.18 1.00 1.04 1.07 1.08 0.07
120 1.16 1.21 1.06 1.09 1.20 1.20 1.09 1.13 1.11 1.14 0.06
150 1.12 1.20 1.04 1.10 1.23 1.19 1.10 1.12 1.12 1.14 0.06
180 1.10 1.17 1.04 1.08 1.21 1.18 1.09 1.12 1.14 1.13 0.05
210 1.10 1.15 1.06 1.07 1.19 1.17 1.12 1.09 1.13 1.12 0.05
240 1.10 1.13 1.08 1.05 1.18 1.19 1.15 1.09 1.14 1.12 0.05
VE 0 61.93 25.51 43.05 52.08 31.65 36.78 38.77 31.90 52.16 41.54 11.83
30 97.96 65.34 77.34 52.02 38.72 77.09 37.73 59.51 61.91 63.07 19.34
60 118.94 110.02 111.40 93.65 67.40 104.14 60.80 89.11 78.31 92.64 20.46
90 133.72 130.72 126.94 114.45 95.57 111.35 84.62 116.23 91.94 111.73 17.65
120 137.33 137.51 140.45 128.66 114.82 118.07 105.86 133.52 100.72 124.10 14.72
150 136.95 141.91 139.18 129.37 126.15 120.98 107.48 138.97 105.45 127.38 13.69
180 139.37 139.15 142.47 124.39 127.97 125.93 104.53 147.19 109.35 128.93 14.75
210 140.63 137.40 145.43 123.16 131.06 128.72 104.13 147.06 112.68 130.03 14.64
240 145.29 137.82 149.77 123.92 136.13 133.32 116.98 155.02 116.90 135.02 13.75
CHO 0 2.61 0.97 1.91 1.88 1.84 2.00 2.62 1.28 3.32 2.05 0.72
30 4.69 3.29 3.71 2.47 1.90 4.29 2.68 3.05 3.34 3.27 0.88
60 7.18 6.14 4.65 4.15 3.10 6.76 3.05 4.31 3.73 4.79 1.54
90 9.26 7.95 5.26 5.42 5.21 7.90 4.93 6.72 4.85 6.39 1.63
120 9.36 8.67 6.70 7.11 7.09 8.40 7.37 8.70 5.87 7.70 1.14
150 8.62 8.79 6.51 7.32 7.87 8.19 7.72 8.82 6.21 7.78 0.95
180 8.37 8.21 6.74 6.85 7.53 8.03 7.51 9.02 6.55 7.65 0.83
210 8.31 7.79 7.05 6.54 7.28 7.82 7.49 8.36 6.65 7.48 0.66
240 8.52 7.80 7.66 6.35 7.32 8.63 8.38 8.84 6.96 7.83 0.84
HR 0 104.8 73.0 115.5 80.0 123.8 121.0 103.5 114.0 104.4 18.7
30 147.2 114.7 128.8 142.8 157.8 159.3 154.0 168.0 146.6 17.5
60 162.2 163.2 160.7 170.0 171.2 180.8 175.3 174.3 169.7 7.2
90 165.7 172.3 172.3 174.7 178.5 184.5 183.7 178.5 176.3 6.3
120 165.2 173.8 175.3 175.8 182.3 186.7 185.8 180.5 178.2 7.1
150 165.7 177.2 180.7 178.2 184.5 187.2 187.7 182.5 180.4 7.1
180 167.8 177.8 181.8 179.3 184.7 188.7 187.7 183.3 181.4 6.6
210 171.2 180.0 183.3 182.0 189.5 191.0 189.8 187.2 184.3 6.6
240 172.7 182.0 187.2 183.2 191.5 193.2 192.8 187.3 186.2 6.9
C H A P TE R  5 - P E R F O R M A N C E  P R E D IC T IO N
GROUP RANK TIME MASS HEIGHT SIT HT AGE SKF Bl SKF TRI SKF SS SKF SI SUM SKF %FAT
elite 4 39.5 82.3 186.4 94.2 23 3.6 6.1 8.0 7.8 26.0 10.8
elite 12 40.8 84.8 182.1 97.2 24 4.0 6.3 11.9 7.9 30.0 12.8
elite 10 40.5 85.0 185.7 97.3 21 4.3 6.4 11.1 10.5 32.0 13.6
elite 5 39.6 87.0 179.0 94.2 34 4.1 7.9 11.7 7.1 31.0 16.4
elite 7 39.9 86.5 182.0 98.3 27 3.7 9.0 11.4 7.2 31.0 13.2
elite 11 40.6 85.3 190.0 92.2 21 3.0 6.9 7.3 6.4 24.0 9.9
elite 8 40.4 80.8 179.0 96.2 31 3.5 5.2 8.6 6.4 24.0 13.7
elite 14 41.1 86.0 190.0 98.7 31 3.8 4.7 9.6 6.7 25.0 14.2
elite 6 40.2 82.5 183.5 98.7 26 4.1 6.2 11.3 14.2 36.0 14.8
elite 3 39.4 90.0 188.0 96.2 31 3.2 5.0 10.2 7.1 26.0 14.5
elite 2 38.6 76.5 170.0 88.2 26 5.2 7.9 15.0 19.5 48.0 18.3
elite 13 40.8 77.3 178.3 96.2 19 3.4 5.1 9.4 6.1 24.0 10.5
elite 1 38.4 94.5 184.5 97.2 20 5.6 8.4 17.5 22.5 54.0 20.2
intermediate 23 43.1 79.8 183.7 93.7 27 3.7 7.0 8.9 6.4 27.0 11.3
intermediate 17 42.2 85.5 186.7 92.1 30 3.6 7.5 9.5 9.1 30.0 12.7
intermediate 26 44.2 75.3 189.6 97.1 20 4.6 5.2 9.3 8.3 27.0 12.0
intermediate 19 42.4 73.8 184.6 97.3 27 4.8 6.4 13.5 7.5 32.0 13.6
intermediate 18 42.3 74.0 186.2 97.7 20 3.2 5.2 7.4 5.4 21.0 9.0
intermediate 25 44.0 74.5 177.0 91.3 20 4.2 5.5 10.9 7.2 28.0 12.2
intermediate 22 42.8 79.3 188.7 97.3 22 3.8 6.7 8.4 5.4 24.0 10.2
intermediate 16 42.0 74.3 182.2 95.6 22 4.1 5.7 11.3 5.8 27.0 11.4
intermediate 24 43.3 81.8 173.3 92.8 37 4.2 6.8 10.0 6.0 27.0 15.1
intermediate 20 42.6 94.0 185.0 94.2 30 7.7 17.0 24.5 18.0 67.0 22.5
intermediate 21 42.8 86.3 174.0 89.2 21 5.1 8.3 10.3 14.5 38.0 15.6
intermediate 15 41.6 68.3 184.5 94.2 18 2.8 4.4 7.3 5.3 20.0 8.2
intermediate 14 41.2 92.5 176.0 94.5 29.8 4.9 5.5 13.0 8.2 32.0 13.3
lower 27 43.0 85.3 183.5 91.2 31 4.0 4.9 8.5 6.3 24.0 13.7
lower 28 43.2 67.5 177.0 93.5 22.8 4.1 4.2 10.1 9.2 28.0 11.7
lower 29 43.7 69.5 178.0 95.0 23.5 3.6 5.6 8.7 5.6 24.0 9.9
lower 30 43.8 80.0 169.5 93.5 26.9 5.2 10.2 11.2 12.4 39.0 15.9
lower 31 44.0 86.5 190.5 100.5 24.4 3.6 3.6 15.0 8.0 30.0 12.8
lower 32 44.6 81.5 186.5 96.0 28.3 4.0 5.2 10.2 6.8 26.2 11.1
lower 33 45.7 84.0 185.0 96.0 35.8 4.8 6.2 11.8 9.2 32.0 16.8
lower 34 47.5 82.5 185.0 94.5 21.9 5.1 5.6 9.2 9.6 29.4 12.5
lower 35 48.2 62.0 173.0 89.5 19.3 3.4 4.0 7.6 6.0 21.0 8.9
lower 36 48.3 82.5 183.0 94.5 28.9 3.4 5.2 9.4 5.4 23.4 9.8
lower 37 48.5 67.5 173.0 89.5 37.3 2.8 5.8 7.1 3.8 20.0 11.7
lower 38 50.0 69.8 178.5 93.5 17.5 3.4 6.4 8.4 6.4 25.0 10.7
lower 39 50.9 74.5 176.5 95.5 38.7 3.1 3.8 8.3 5.5 21.0 12.4
C H A P T E R  5 - P E R F O R M A N C E  P R E D IC T IO N
LBM Bl RELAX Bl TENS FOR REL FOR TEN CHEST SPAN CALF HUMERUS FEMUR ENDOM MESOM
73.4 30.4 34.2 29.3 29.7 105.6 202.5 37.4 7.7 9.6 2.17 3.93
73.9 32.2 37.7 29.3 30.3 109.5 192.5 38.2 7.6 9.7 2.67 4.92
73.4 31.1 ■ 36.7 30.1 30.7 106.5 188.8 36.8 7.6 10.1 2.88 4.24
72.7 33.1 36.4 30.0 30.9 107.4 184.5 40.7 7.5 10.0 2.72 5.91
75.1 37.0 39.3 33.0 33.9 105.6 184.6 39.8 7.5 10.4 2.84 6.18
76.8 31.0 36.1 30.7 31.5 104.7 203.5 39.1 7.2 9.8 1.99 3.49
69.7 31.8 37.4 29.7 31.4 106.2 183.0 37.6 7.5 9.8 1.95 5.16
73.8 31.5 36.7 29.7 31.1 109.5 197.2 38.3 7.4 10.4 2.05 4.06
70.3 33.0 36.9 30.0 30.9 105.5 189.0 37.7 7.5 9.7 3.29 4.74
76.9 33.2 36.8 31.1 31.7 107.1 200.0 41.7 7.9 10.8 2.20 5.88
62.5
69.2 31.7 36.1 29.6 30.6 103.6 177.0 40.5 7.4 9.5 1.99 5.46
75.5 32.1 38.5 31.3 32.7 112.0 189.5 39.7 7.9 10.4 4.91 5.42
70.8 30.7 36.3 27.2 28.5 107-5 195.0 35.5 6.9 9.6 2.21 2.34
74.7 30.8 36.9 29.0 29.8 104.3 196.5 39.0 7.6 9.8 2.67 4.22
66.2 28.1 32.3 28.2 28.4 99.7 199.7 36.0 7.4 10.2 2.28 2.96
63.7 30.5 35.6 28.7 29.4 95.1 191.0 36.1 6.9 9.7 2.82 3.34
67.3 28.9 33.2 28.0 28.4 96.8 187.8 34.9 7.0 9.3 1.66 2.51
65.4 30.5 34.8 29.2 30.8 98.4 186.5 36.4 7.4 9.9 2.37 4.94
71.1 31.5 35.8 29.4 29.9 103.5 196.5 37.0 7.5 10.0 1.99 3.80
65.8 29.1 33.7 28.7 29.3 102.6 194.8 34.8 7.1 9.3 2.28 3.10
69.4 30.0 35.2 29.6 30.1 100.9 176.0 40.6 7.0 9.6 2.28 5.49
72.9 33.6 37.6 30.4 31.8 110.4 200.0 43.5 7.6 10.3 5.81 5.61
72.8 34.0 39.0 31.6 32.8 107.1 184.0 39.3 7.1 10.0 3.44 6.16
62.7 27.4 31.9 27.4 28.0 94.5 189.0 34.7 7.2 10.2 1.54 3.15
80.2
73.5 29.1 35.8 30.2 31.8 104.2 195.5
59.6 30.2 33.3 27.0 28.0 98.3 181.8
62.7 30.9 33.0 27.3 27.8 93.0 178.0
67.3 35.4 37.2 29.9 30.4 103.4 175.8
75.4 33.3 35.4 30.0 30.6 105.6 196.0
72.4 32.5 35.2 28.2 28.7 95.5 197.2
69.9 37.4 39.0 29.1 30.1 107.0 190.5
72.2 32.2 34.2 29.4 31.0 100.0 188.0
56.5 29.0 30.3 26.9 27.5 91.8 178.5
74.4 31.4 33.0 29.6 30.1 96.7 187.7
59.6 31.5 33.0 28.0 29.1 91.5 184.4
62.3 31.9 33.1 17.7 28.2 95.0 182.5
65.3 33.1 35.0 30.0 30.7 100.0 186.1
C H A P TE R  5 - P E R F O R M A N C E  P R E D IC T IO N
ECTOM FVC FEV1 FER PEF ISOM PK ISOM/BM ISOK PK ISOK/BM WAnT PP PP/BM TIME-PP
2.83 6.67 5.63 84 596 490 5.96 845 10.27 674 8.20 3.02
1.81 6.63 6.06 91 869 477 5.63 583 6.88 585 6.90 3.81
2.38 6.43 5.71 89 757 337 3.97 550 6.47 585 6.88 4.04
1.05 5.56 4.65 83 869 700 8.05 686 7.89 3.13
1.82 6.56 5.59 84 663 345 3.99 784 9.06 614 7.10 3.29
3.06 6.62 5.95 89 874 486 5.70 805 9.44 674 7.91 3.75
1.78 6.41 5.37 83 831 470 5.82 790 9.78 619 7.67 3.70
2.97 7.00 5.32 76 760 569 6.62 740 8.61 615 7.15 3.21
2.32 6.96 5.08 72 649 484 5.87 802 9.72 631 7.65 2.89
2.17 7.31 5.83 80 798 514 5.71 782 8.69 602 6.69 3.23
4.83 4.34 89 739 604 7.90 474 6.20 3.82
2.11 5.76 5.33 93 779 338 4.38 583 7.55 479 6.20 3.09
1.13 5.98 4.33 72 688 449 4.75 808 8.55 758 8.02 3.80
2.70 6.81 5.58 81 798 366 4.59 709 8.89 574 7.20 4.06
2.48 6.24 4.96 80 592 424 4.96 670 7.84 563 6.59 4.34
4.32 6.75 5.94 87 758 360 4.78 438 5.82 418 5.56 5.22
3.67 6.06 5.07 83 754 352 4.77 546 7.40 387 5.25 2.91
3.91 6.44 5.21 80 660 348 4.70 511 6.91 460 6.22 4.69
2.26 6.11 5.37 88 690 383 5.14 688 9.24 413 5.54 5.19
3.61 6.68 4.84 72 823 400 5.05 691 8.72 557 7.03 4.78
3.19 5.67 4.62 81 648 377 5.08 440 5.93 400 5.39 3.41
0.71 6.17 5.04 83 732 488 5.97 634 7.76 422 5.16 5.16
1.26 5.30 3.98 75 601 463 4.93 643 6.84 552 5.87 3.95
0.31 5.95 4.31 72 634 385 4.46 585 6.78 427 4.95 2.23
4.49 4.75 4.41 92 688 364 5.33 493 7.22 469 6.87 4.95
4.93 4.00 81 721 427 4.62 893 9.65 557 6.02 3.24
5.70 5.41 95 62 432 5.07 639 7.50 431 5.06 4.18
4.10 3.97 96 480 337 4.99 617 9.14 422 6.25 3.96
5.42 3.37 62 671 350 5.04 548 7.89 422 6.07 2.60
5.18 4.15 80 634 393 4.91 687 8.59 472 5.90 4.05
5.29 4.49 85 615 326 3.77 499 5.77 490 5.67 3.39
5.24 4.60 87 605 333 4.09 687 8.43 383 4.70 2.58
5.44 3.30 60 683 360 4.29 757 9.01 504 6.00 4.44
5.75 5.47 89 779 387 4.69 620 7.52 469 5.69 3.16
4.87 4.54 93 465 318 5.13 525 8.47 350 5.65 5.80
4.76 4.00 84 582 366 4.44 653 7.92 342 4.14 3.84
4.09 3.76 92 540 310 4.59 410 6.07 334 4.95 4.26
5.44 3.65 67 499 318 4.56 553 7.93 315 4.52 3.19
5.16 4.02 77 816 368 4.94 585 7.85 378 5.07 4.63
C H A P T E R  5 - P E R F O R M A N C E  P R E D IC T IO N
WAnT WK WORK/BM WAnT FI WAnT La WAnT HR 2MINWK WORK/BM 2 MIN La 2 MIN HR AOD
16.30 0.20 45.4 10.5 160 30.58 0.37 10.8 170 40.12
15.74 0.19 26.3 7.1 182 41.01 0.48 10.0 183 71.65
14.49 0.17 33.9 8.2 35.67 0.42 9.8 189 50.43
15.76 0.18 36.4 10.5 186 37.29 0.33 59.14
14.96 0.17 39.7 8.9 197 35.64 0.41 199 50.7
16.90 0.20 31.2 8.1 43.96 0.52 8.3 185 50.28
15.41 0.19 34.7 10.1 179 39.35 0.49 10.3 178 53.22
15.81 0.18 34.8 8.6 182
13.76 0.17 45.9 9.1 179 32.70 0.40 8.7 179 38.46
16.33 0.18 26.7 8.2 163 39.89 0.44 9.1 162 57.33
13.40 0.18 15.6 8.3 180 33.82 0.44 55.38
12.24 0.16 35.9 5.8 183 33.77 0.44 8.4 180 38.55
18.16 0.19 44.3 8.9 44.13 0.47 56.56
14.35 0.18 34.8 8.0 174 33.27 0.42 9.8 180 47.41
14.91 0.17 26.6 8.4 39.51 0.46 12.5 168 63.19
10.06 0.13 33.9 5.0 173 27.38 0.36 6.1 182 25.51
10.42 0.14 21.4 6.2 162 29.11 0.40 9.2 29.69
12.96 0.18 20.4 7.4 172 37.08 0.50 10.2 174 57.94
10.65 0.14 13.6 7.2 164 29.28 0.39 9.4 55.33
13.26 0.17 30.5 7.3 167 36.40 0.46 8.1 169 62.14
11.03 0.15 25.0 8.4 176 28.55 0.38 8.4 175 21.77
11.39 0.14 27.9 5.3 160 30.67 0.38 8.8 165
13.47 0.14 36.6 7.3 176 36.03 0.38 8.9 176 46
11.15 0.13 33.0 8.0 179 30.69 0.36 179 45.78
11.60 0.17 31.3 9.2 195 33.34 0.49 11.9 193 50.44
13.79 0.15 34.6 10.3
11.41 0.13 25.3 4.9 168
11.00 0.16 27.9 7.0 26.16 0.39 170 45.57
10.13 0.15 32.9 6.4 177 25.52 0.37 9.1 178 49.51
9.92 0.12 32.2 6.0 179 26.76 0.33 7.3 176 41.95
11.20 0.13 19.9 5.7 177 30.83 0.36 9.4 173 47.44
10.04 0.12 25.3 5.0 170 27.74 0.34 7.2 172 33.2
12.00 0.14 39.1 8.3 165 28.98 0.35 7.4 175 46.91
11.61 0.14 28.8 10.6 26.22 0.32 10.6 168 45.46
9.04 0.15 29.7 6.3 180 22.83 0.37 7.3 180 41.52
9.49 0.12 7.8 5.8 164 27.14 0.33 9.8 170 43.19
8.51 0.13 20.4 5.2 163 24.84 0.37 7.7 160 42.16
8.00 0.12 32.4 7.2 192 21.22 0.30 10.1 192 34.24
9.76 0.13 17.7 6.3 162 28.14 0.38 8.8 173 43.28
C H A P TE R  5 - P E R F O R M A N C E  P R E D IC TIO N
10MINWK WORK/BM 10 MIN La 10 MIN HR CP CP/BM AWC AWC/BM V02max V02max/BM
81.28 0.99 4.9 167 106.0 1.29 17.91 0.22 3.60 43.77
125.47 1.48 5.4 196 176.0 2.08 19.89 0.24 4.80 56.64
115.98 1.36 6.9 200 167.0 1.97 15.59 0.18 4.50 52.94
114.19 1.31 158.8 1.83 18.92 0.22 4.25 48.85
117.33 1.36 207 170.0 1.97 15.21 0.18 4.30 49.71
156.16 1.83 205 234.0 2.75 15.91 0.19 5.10 59.82
137.19 1.70 8.4 188 204.0 2.53 14.90 0.18 4.70 58.20
136.21 1.58 183 4.73 55.00
107.76 1.31 7.2 185 156.0 1.89 13.93 0.17 4.20 50.91
135.20 1.50 198.6 2.21 16.06 0.18 5.14 57.11
99.20 1.30 136.2 1.78 17.48 0.23 3.40 44.44
104.22 1.35 2.9 181 147.0 1.90 16.15 0.21 4.10 53.07
148.92 1.58 218.0 2.31 17.93 0.19 5.04 53.33
113.03 1.42 7.2 182 166.0 2.08 13.33 0.17 4.30 53.92
120.72 1.41 7.2 173 169.0 1.98 19.21 0.23 4.30 50.29
92.94 1.24 4.1 190 137.0 1.82 10.99 0.15 4.00 53.16
108.30 1.47 183 165.0 2.24 9.31 0.13 4.30 58.31
113.17 1.53 3.6 174 160.0 2.16 17.95 0.24 4.70 63.51
101.04 1.36 2.01 11.34 0.15 4.10 55.03
135.70 1.71 184 207.0 2.61 11.57 0.15 4.90 61.83
104.98 1.41 6.4 188 159.0 2.14 9.44 0.13 4.10 55.22
115.80 1.42 5.5 182 177.0 2.17 9.39 0.12
132.82 1.41 5.5 188 202.0 2.15 11.83 0.13 4.38 46.60
89.11 1.03 181 121.7 1.41 16.06 0.19 4.04 46.84
106.65 1.56 7.7 197 152.7 2.24 15.01 0.22 3.60 52.75
96.42 1.04 10.5 190
4.17 48.90
90.96 1.35 6.8 180 135.0 2.00 9.96 0.15 3.88 57.48
92.24 1.33 186 139.0 2.00 8.84 0.13 3.64 52.35
96.36 1.20 5.4 190 145.0 1.81 9.36 0.12 3.83 47.93
110.51 1.28 7.8 187 166.0 1.92 10.91 0.13 5.00 57.85
111.74 1.37 7.1 187 175.0 2.15 6.74 0.08 5.06 62.05
95.70 1.14 7.5 183 139.0 1.66 12.30 0.15 4.40 52.39
92.46 1.12 180 138.0 1.67 9.66 0.12 4.11 49.84
84.27 1.36 7.5 194 128.0 2.07 7.47 0.12 3.57 57.56
93.38 1.13 8.9 174 138.0 1.67 10.58 0.13 4.56 55.27
93.48 1.38 7.0 165 143.0 2.12 7.68 0.11 4.04 59.80
78.34 1.12 8.4 195 119.0 1.71 6.94 0.10 3.67 52.67
115.50 1.55 7.8 178 162.0 2.17 8.70 0.12 4.42 59.33
C H A P TE R  5 -  P E R F O R M A N C E  P R E D IC TIO N
MAP MAP/BM MAX HR TlacV02 V02/BM %V02max TIac POW POW/BM %MAP 2FBLC 4FBLC
231.2 2.81 176 3.35 40.73 93.1 160 1.95 69.2 132 165
271.4 3.20 199 4.02 47.43 83.8 180 2.12 66.3 169
240.0 2.82 199 3.31 38.94 73.6 160 1.88 66.7 151
241.3 2.77 160 1.84 66.3 144 179
234.4 2.71 209 3.42 39.54 79.5 160 1.85 68.3 145 180
295.6 3.47 198 4.01 47.04 78.6 200 2.35 67.7 187
266.1 3.30 194 3.64 45.08 77.5 180 2.23 67.6 143 190
294.3 3.42 186 3.81 44.30 80.6 180 2.09 61.2 160 205
213.0 2.58 189 3.26 39.52 77.6 140 1.70 65.7 125 165
265.4 2.95 166 3.96 44.00 77.0 180 2.00 67.8 180 210
211.3 2.76 187 2.97 38.82 87.4 140 1.83 66.3 134
205.9 2.67 186 3.15 40.78 76.8 160 2.07 77.7 154 185
286.2 3.03 180 1.90 62.9 161 192
235.8 2.96 185 3.48 43.64 80.9 160 2.01 67.9 147 170
246.1 2.88 177 3.84 44.91 89.3 180 2.11 73.1 158 186
212.2 2.82 189 3.28 43.59 82.0 160 2.13 75.4 150
220.3 2.99 189 3.31 44.88 77.0 160 2.17 72.6 160 180
256.3 3.46 179 3.87 52.30 82.3 180 2.43 70.2 157
200.4 2.69 183 3.38 45.37 82.4 140 1.88 69.9 116 156
247.3 3.12 190 4.28 54.01 87.4 180 2.27 72.8 162
214.5 2.89 194 3.21 43.23 78.3 160 2.15 74.6 140 170
232.1 160 1.96 68.9 144 173
257.0 2.73 187 3.86 41.06 88.1 180 1.91 70.0 161 197
216.8 2.51 185 3.33 38.61 82.4 140 1.62 64.6 80 139
213.3 3.13 202 2.96 43.37 82.2 140 2.05 65.6 100 153
226.1 160 1.73 70.8 136 165
192 3.82 44.81 85.5 160 1.88 171 185
185.2 2.74 188 3.62 53.63 87.0 150 2.22 81.0 113 150
169.0 2.43 3.19 45.90 82.0 125 1.80 74.0 88 132
186.6 2.33 3.32 41.50 80.8 150 1.88 80.4 150 182
210.5 2.43 192 4.04 46.71 76.2 150 1.73 71.3 139 170
195.5 2.40 185 3.50 42.94 65.4 150 1.84 76.7 131 170
192.5 2.29 188 3.24 38.57 68.8 125 1.49 64.9 100 145
180.7 2.19 3.41 41.33 77.3 125 1.52 69.2 75 112
167.5 2.70 189 3.18 51.29 83.5 125 2.02 74.6 90 130
203.1 2.46 185 3.91 47.39 80.3 150 1.82 73.9 103 145
189.5 2.81 172 3.17 46.96 73.2 125 1.85 66.0 125 153
131.3 1.88 195 2.78 39.86 70.7 100 1.43 76.2
221.5 2.97 180 3.58 48.05 75.7 50 0.67 22.6 125 156
C H A P TE R  6 - IN T E R V E N T IO N  TR A IN IN G  P R O G R A M M E
GROUP AGE HEIGHT MASS PRE MASS POST BF PRE BF POST PERF PRE PERF POST PP PRE
experiment 17.4 178.5 91.3 92.8 24.2 26.3 13.17 13.51 409
experiment 17.7 190.0 99.0 96.4 17.3 15.6 13.87 14.90 431
experiment 21.2 178.5 74.0 71.7 10.6 10.0 13.73 14.10 387
experiment 19.4 190.5 79.1 77.8 10.6 9.8 16.78 17.34 568
experiment 16.1 175.5 77.7 77.5 18.0 17.9 12.61 12.32 378
experiment 17.1 170.0 62.4 62.3 26.4 24.8 10.21 11.33 297
experiment 16.2 188.0 68.9 69.7 10.5 9.6 10.77 13.60 286
experiment 16 180.5 81.0 81.5 14.4 12.9 13.58 14.65 378
control 20.5 173.5 56.5 55.8 9.8 9.3 15.72 18.93 319
control 20.2 185.0 64.0 66.3 7.4 7.1 14.23 14.14 383
control 24 185.0 80.3 80.3 11.2 11.0 17.29 18.89 514
control 28.3 175.5 97.5 97.3 18.6 18.0 19.17 19.10 568
control 20.8 181.0 75.3 73.5 13.0 12.3 18.39 17.16 596
control 15.9 179.5 65.0 64.5 11.7 11.0 8.64 9.95 279
control 16 175.0 62.0 61.8 12.5 13.2 10.59 10.67 290
control 20.3 178.5 74.5 74.8 19.4 18.1 13.15 12.99 334
C H A P T E R  6 - IN T E R V E N T IO N  T R A IN IN G  P R O G R A M M E
PP POST WORK PRE WORK POST 2FBLC PRE 2FBLC POST 4FBLC PRE 4FBLC POST
431 10.15 10.56 135.2 129.7 162.5 155.1
404 11.38 10.91 130.4 134.1 163.4 165.0
436 9.95 10.89 109.8 111.6 151.6 152.7
563 13.80 13.76 108.2 108.3 143.7 140.4
374 9.02 9.07 110.2 133.3 140.0 170.0
315 8.10 8.45 94.8 94.4 134.6 140.7
391 7.89 10.45 181.8 190.0
387 10.09 10.57 119.4 122.5 163.3 174.9
342 7.93 8.14 106.6 104.0 163.1 151.9
431 9.95 10.42 162.5 163.3 210.5 221.6
579 12.78 14.16 140.0 140.0 182.3 180.0
574 14.07 14.28 82.4 103.9 147.6 160.2
579 13.31 13.59 75.2 72.7 157.2 141.5
293 6.77 6.90 153.2 165.6
297 7.06 7.54 116.3 154.2 172.1 206.0
336 8.90 8.82 170.7 168.4
i\IIVERSITY OF SURREY UBRAHV /
